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Description 

This invention relates to the purification of hyaro- 
carbonaceous fractions It more particularly refers to 
separating di am on do id organic compounds from hydro- 
carbon streams containing such. 

Many hydrocarbonaceous mineral streams contain 
some small proportion of diamondoid compounds 
These high boiling, saturated, three-dimensional poly- 
cychc organics are illustrated by adamantane, diaman- 
tane : tnamantam and various side chain substituted 
homologues. particularly the methyl derivatives These 
compounds have high melting points and high vapor 
pressures for their molecular weights and have recently 
been found to cause problems during production and 
refining of hydrocarbonaceous minerals, particularly 
natural gas by condensing out and solidifying, thereby 
clogging pipes and other pieces of equipment For a sur- 
vey of the chemistry of diamondoid compounds, see 
Fort, Jr., Raymond C, The Chemistry of Diamond Mol- 
ecules , Marcel Dekker, 1976 

In recent times, new sources of hydrocarbon min- 
erals have been brought into production which, for some 
unknown reason, have substantially larger concentra- 
tions of diamondoid compounds Whereas in the past, 
the amount of diamondoid compounds has been too 
small to cause operational problems such as production 
cooler plugging, now these compounds represent both 
a larger problem and a larger opportunity. The presence 
of diamondoid compounds in natural gas has been 
found to cause plugging in the process equipment re- 
quiring costly maintenance downtime to remove. On the 
other hand, these very compounds which can deleteri- 
ously affect the profitability of natural gas production are 
themselves valuable products. 

According to the invention there are provided proc- 
esses for extracting diamondoid compounds from gases 
and fluids in general as variously defined in independent 
claims 1, 11, 17, 23 and 28. 

It has been found that distillate fuel oil fractions 
which have a significant aromatic compound content, 
such as monocyclic aromatics, are good solvents for 
diamondoid compounds and can be used as a wash for 
the equipment used in the production and refining of dia- 
mondoid containing fluids Thus it is particularly pre- 
ferred that the solvent is a distillate fuel oil, particularly 
an aromatics distillate fuel oil: kerosene, diese! fuel and 
heavy gasoline are particular examples of suitable oils, 
with diesel being the most preferred 

If the diamondoid compound-containing gas stream 
to be purified is rich in substituted higher boiling point 
adamantane homologues, the solvation and gas/liquid 
separation steps may produce a gas stream having ac- 
ceptable purity If however, if the diamondoid com- 
pound-containing gas feedstream contains a substan- 
tial fraction of less substituted lower boiling point ada- 
mantane homologues. the silica gel sorption step may 
be necessary to achieve the desired gas product stream 



purity or extent of diamondoid recovery 

In the process defined in claim 17. the porous solid 
should have a defined set of properties viz a pore sys- 
tem large enough and having a suitable shape to be re- 
5 ceptive to the rather bulky diamondoid compounds 
These diamondoid compounds are very bulky because 
they contain at least three (3) mutually fused cyclohex- 
ane rings 

It should be understood that the operation of this 

to invention is not based exclusively on shape selective 
absorption phenomena, a well known and widely used 
attribute of most porous solids Certainly shape selec- 
tive absorption plays an important part in this process - 
a molecule which is too large to fit into the pore of a solid 

^5 cannot be absorbed in that pore However, ft has been 
found that porous solids which conform to the properties 
hereinabove set forth absorb diamondoid compounds 
preferentially even with respect to smaller hydrocarbon 
compounds which would be believed to be more readily 

20 absorbed if considered on a pure size based shape se- 
lectivity alone 

Substantially hydrocarbonaceous fractions com- 
prising diamondoid compounds are peculiarly suitable 
for separation by a thermal gradient diffusion process 

25 defined in claim 26. The applicability of this technique is 
dependent upon the fact that the diamondoid com- 
pounds exhibit a large change in viscosity relative to 
temperature, that is, their viscosity goes down signifi- 
cantly per degree of increase in temperature. In fact, 

30 their viscosity rate of change with temperature is sub- 
stantially greater than that of other hydrocarbons of sim- 
ilar boiling point range. 

Further features of the invention are defined in the 
dependent claims. 

35 Reference is now made to the accompanying draw- 

ings, in which: 

Figure 1 is a simplified schematic diagram showing 
the major processing steps in the process accord- 
^o mg to the invention. 

Figure 2 is a schematic diagram showing the major 
processing steps in the process according to the in- 
vention: 

45 

Figure 3 is a schematic diagram showing the major 
processing steps in the process according to the in- 
vention; 

50 Figure 4 is a block flow diagram of apparatus for 

aromatics-selective solvent extraction according to 
the invention; 

Figures 5. 6 and 7 are gas chromatographic analy- 
55 ses; 

Figure S is a schematic diagram showing the major 
processing steps in the process according to the in- 
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vention 

Figure 9 is a schematic perspective view of an ap- 
paratus for use with the embodiment shown in fig- 
ure 8: and 

Figures 10 and 11 show the results of chromato- 
graphic analyses 

Refemmg now to Figure 1 . a first embodiment of the 
present invention is schematically illustrated Adiamon- 
doid-laden natural gas stream 1 2 is withdrawn from well- 
head 1 0 at high pressure, generally between about 3000 
and 15000 psig (20.7 and 103 Mpa) typically around 
11,000 psig (65.6 mPa). Pressure reduction valve 14. 
commonly referred to as a choke, reduces the natural 
gas pressure downstream of the choke to between 
about 900 and about 1400 psig (6 2 mPa and 9 7 mPa). 
Recycled solvent 18 is injected into the reduced pres- 
sure diamondoid-laden natural gas stream 16 upstream 
of process cooler 20 to prevent deposition of diamon- 
doid solids within the cooler Process cooler 20 is typi- 
cally an air cooled exchanger with extended heat ex- 
change tube surface area, commonly known as a fin- 
fan exchanger. In certain embodiments of the invention 
the solvent is a aromatic distillate 

Solvent injection rates of about 2 to 6 gallons per 
minute (GPM) (1 .52 x 10- 4 to 1 .55 x 1 0 s m 3 /s) at natural 
gas flowrates of 10 to 15 million standard cubic feet per 
day (MMSCF/D) (283000 to 425000 m 3 /day) have been 
found to be effective to reduce diamondoid deposition. 
Thus to achieve the desired diamondoid sorption in the 
added solvent, solvent charge rates of about 100 to 
1000 gallons per million standard cubic feet of natural 
gas (G/MMSCF) (0.379 to 3.79 m 5 per 28300 m 3 of nat- 
ural gas) are acceptable, and rates of between 200 and 
800 G/MMSCF (0.757 to 3 03 m 3 per 28300 m 3 of nat- 
ural gas) are preferred. The optimum charge rate within 
the disclosed ranges to minimize solvent costs while 
preventing diamondoid deposition in the downstream 
process equipment may be determined by one of ordi- 
nary skill in the art with a reasonable amount of trial and 
error. 

If the solvent dosage selected for process operation 
is insufficient to maintain the diamondoids in solution 
through the process cooler, or if solvent injection is tem- 
porarily discontinued for operational reasons such as in- 
jection pump failure, diamondoids will likely be deposit- 
ed on the inner surfaces of the process cooler heat ex- 
change tubes, increasing the pressure drop across the 
air cooled exchanger Thus one recommended method 
for determining optimum solvent dosage would be to 
monitor the change in natural gas pressure (AP) across 
the process cooler with respect to time. Any decrease 
in the AP across the process cooler would likely indicate 
diamondoid deposition on the inner surfaces of the cool- 
er tubes and could be corrected with increased solvent 
dosage. The technique of monitoring heat exchanger 



operation by evaluating AP ove r time is well known to 
those skilled in the art of heat exchanger design and 
maintenance 

Depending on the concentration of diamondoid 

5 compounds in the natural gas stream as weli as on the 
operating temperature and pressure, discontinuation of 
the solvent charge may precipitate partial or complete 
plugging of at least a portion of the process cooler heat 
exchange tubes Such deposits may be removed via in- 

io termittent high dosage or "slug" solvent treatment. Slug 
solvent treatment has been found to be effective for re- 
moving diamondoid deposits from process cooler heat 
exchange tubes, e.g.. charging 50 to 100 gallon slugs 
(0.1910 0.379 m 3 ) of solvent intermittently into the 1 0 to 
15 MMSCF/D (283000 to 425000 m 3 /day) natural gas 
stream at a point upstream of the process cooler. The 
slugged solvent is then recovered by a method similar 
to that used for the continuously injected solvent, which 
method is described below. 

20 The cooled mixture of natural gas and solvent 22 

flows to production separator 30 where it is flashed to 
form an overhead vapor stream 32 and a bottom liquid 
stream 34 Production separator 30 is illustrated as a 
flash drum, 1 e a single stage vapor-liquid separation 

2S device, but may also comprise any suitable vapor-liquid 
separation apparatus known to those skilled in the art 
of process equipment design 

A first portion of the overhead vapor stream 32 flows 
through control valve 36 to enter sorption zone 40 while 

30 a second portion of the overhead vapor stream flow is 
preferably diverted by control valve 36 to form regener- 
ation gas stream 38. The total overhead vapor stream 
may be charged to the sorption zone if an inert gas 
stream for use as a regeneration gas is both inexpensive 

35 and easily piped into the sorption process equipment. It 
is generally preferred, however, to use a portion of the 
overhead vapor stream as a regeneration gas to its in- 
herent economy and availability. Regeneration gas flow 
to the silica gel sorption zone is preferably countercur- 

40 rent, i.e. gas flow for silica gel desorption during regen- 
eration should be oriented in the opposite direction from 
gas flow for silica gel sorption during the gas purification 
operation 

The first portion of the overhead vapor stream 32 
<*5 then contacts a silica gel sorbent contained in sorption 
zone 40 The overhead vapor stream preferably flows 
downwardly in contact with the silica gel sorbent through 
the length of the sorption zone 40 Silica gel volume is 
preferably selected such that almost of the silica gel 
50 sorption capacity it utilized before regeneration 

The purified gas stream 42 is then withdrawn from 
sorption zone 40 and charged to pipeline or storage fa- 
cilities The second portion of the overhead vapor 
stream is preferably diverted for use as a regeneration 
55 gas as described above. Part of the purified gas stream 
42 may be compressed and heated for use as a regen- 
eration gas (compression equipment not shown) Gen- 
erating silica gei using the purified gas effluent, for ex- 
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ample from sorption zone 40. may prolong the silica gel 
useful fife by decreasing the rate of steam deactivation. 
Regeneration gas 35 is heated in regeneration heat ex- 
changer 50 to a temperature less than 315°C (600°F). 
preferably between about 177 and 286°C (350 and 
550° F) and then charged to the bottom of sorption zone 
60 to countercurrently desorb water and heavy hydro- 
carbons, particularly diamondoids. from the silica gel 
The length of the regeration step is a function of regen- 
eration gas temperature and flowrate as well as the 
amount of sorbed material contained in the silica gel 
sorption bed These operating parameters may be var- 
ied to synchronize the regeneration cycle (desorption) 
of a first sorption zone with the gas purification cycle 
(sorption) of a second sorption zone. The sorption zones 
are preferably piped and valved in a parallel configura- 
tion such that one sorption zone may be operated in the 
gas purification mode while the other sorption zone is 
countercurrently regenerated. 

Enriched regenerated gas 62 is cooled to a temper- 
ature of between about 24 and 60°C (75 and 140°F) in 
regeneration cooler 70 and its flashed in regeneration 
separator 80 to form an overhead gas stream 82 and a 
liquid bottom stream 84. The overhead gas stream is 
preferably recycled and mixed with the production sep- 
arator overhead stream and purified in sorption zone 40. 
The regeneration separator overhead gas stream 82 
may optionally be mixed with purified gas stream 42 
While such optional configuration beneficially reduces 
the total gas flow through the sorption zone operating in 
the gas purification mode, it necessarily reduces both 
diamondoid compound recovery and natural gas prod- 
uct purity. 

Liquid bottom stream 34 from production separator 
30 and liquid bottom stream 84 from regeneration sep- 
arator 80 normally flow to solvent accumulator drum 90. 
A portion of the diamondoid-containing solvent 91 is 
drawn off the solvent accumulator and fresh solvent 94 
is added downstream to maintain diamondoid concen- 
tration in the solvent below saturation. In one embodi- 
ment the fresh solvent 94 may constitute purified solvent 
from stream 91 . A water stream 93 is drawn off from 
solvent accumulator drum 90 and is sent to the process 
sewer for treatment and hydrocarbon recovery. The re- 
maining diamondoid-containing solvent 92 is withdrawn 
from solvent accumulator drum 90, charged through 
pump 100 and mixed with the fresh solvent 94 to form 
recycled solvent stream 1 8 which is added to the natural 
gas stream 16 upstream from process cooler 20 as de- 
scribed above 

A slip stream of diamondoid-containing solvent 96 
may optionally be diverted from recycled solvent stream 
1 8 and mixed with the enriched regeneration gas stream 
62 upstream of regeneration cooler 70 This slip stream 
addition to the enriched regeneration gas stream may 
be necessary to avoid diamondoid deposition in the re- 
generation gas cooler 

If the diamondoid contained in the f eedstream to the 



present process consists predominately of adamantane 
and diamantane it has been found that the two com- 
pounds may be effectively segregated and recovered 
separately Given a feedstream in whcih the diamon- 
5 doids principally consist of adamantane and diaman- 
tane the liquid bottom streams from the production sep- 
arator 30 and regeneration separator 60 have been 
found to be rich in diamantane and adamantane, re- 
spectively Thus to recover the two compounds at reia- 
to tively high purity, streams 35 and 85 are drawn off of 
streams 34 and 84, respectively and are routed to sep- 
arate diamondoid recovery processes (not shown). 

The process of figure 2 is similar to that of figure 1 
and like parts are designated with like reference numer- 
ic als. 

The difference is that the diamondoid-containing 
stream 91 is contacted with a porous solid absorbent 
such as zeolite in a batch or continuous zeolite absorp- 
tion process 600. The diamondoid compounds are then 
20 stripped off the zeolite absorbent and withdrawn in a dia- 
mondoid-enriched stream 602 The purified solvent 
stream 604 is then recycled through pump 606 into dia- 
mondoid containing solvent stream 92. 

The porous solids having the proper, desirable pore 
25 structures and sizes adapted to be useful if this embod- 
iment can be identified through theoretical considera- 
tions or by simple experimentation Thus models, real 
or synthesized by a computer can be constructed, as 
can models of diamondoid compounds. These models 

30 can be interacted to determine their compliance with the 
required critical parameters set forth above 

Alternatively, synthetic mixtures of diamondoid 
compounds (suitably equilibrium mixtures thereof) ad- 
mixed with lighter (smaller) hydrocarbons, such as lower 

35 paraffins, can be contacted with various porous solids 
to determine practically which porous solids have the 
desired absorption properties. As noted, the best porous 
solid absorbents will absorb diamondoid compounds 
even preferentially to lighter aliphatics. 

40 Another alternative approach to determining the ap- 

plicability of any particular porous solid to use in this in- 
vention is a theoretical consideration of pore sizes and 
configurations of the porous solid compared to molecule 
sizes and configurations of the diamondoid compounds 

4 5 to be absorbed. The pore shapes and sizes of most po- 
rous solids have been thoroughly studied and pub- 
lished Similarly the shapes and dimensions of most 
known molecules have been measured and the results 
thereof published Theoretical comparisons are there- 

50 fore possible in many cases. 

In many instances some combination of these de- 
scribed means of determining which porous solids to 
use in practising this invention will be found to be appro- 
priate Illustrative solids include zeolite crystals having 

55 pore structures composed of 24 to 36 atom rings Of 
these nngatoms, half are chalcogens. e.g, oxygen and/ 
or sulfur, and the other half are metal such as silicon, 
aluminum boron phosphorous, gallium, and/or iron 
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Tnis list is illustrative and not limiting 

ZeoHtic crystal structures containing some or all of 
these elements which have been found to be operative 
within the precepts of this embodiment include those 
which are commonly called 1 2 to 1 8 ring zeolites Within 
this group zeolithic structures referred to as faujasite, 
maz7ite. oflretite mordenite. gmelmite, Lmde L, ZSM- 
4 ZSM-12. ALPO-5 MAPSO-46 Co APO-50 VPi-5 
zeolite beta and MCM-9 are illustrative of the types of 
crystal structures which are suited to use in this inven- 
tion 

It is preferred to practise this invention with crystal- 
line zeolite solids having interconnected, three dimen- 
sional channel/pore structures because this allows mul- 
tiple access passageways into and out of the pore sys- 
tem thereby facilitating the absorption/desorption cycle 
upon which the practice of this invention relies It is not, 
however limited to such three dimensional pore sys- 
tems. 

Suitable porous solids for use with the present in- 
vention typically have channel structures with minor ra- 
dii or about 3-4 Angstroms Porous solids having three 
dimensional pore systems useful with this embodiment 
typically include those solids having channel structures 
with minor radii of about 3-4 Angstroms and cage struc- 
tures defined by the interconnecting channels with cage 
structure minor radii of about 6-8 Angstroms For exam- 
ples of these porous solids, see W M Meier and D.H. 
Olson, Atlas of Zeolite Structure Types, published by 
Butterworths on behalf of the Structure Commission ol 
the International Zeolite Association, 1987. 

The zeolite absorption aspects of the invention can 
be practised in a continuous process, in a batch process 
or in a hybrid, continuous-batch process. In a batch 
process, the diamondoid containing fluid, preferably liq- 
uid, is contacted with the absorbing porous solid for a 
time sufficient to reach absorption equilibrium, that is for 
the diamondoid compounds absorb out of the fluid into 
the porous solid. Upon reaching equilibrium, the solid 
and fluid are separated, and the porous solid treated to 
desorb the diamondoid compounds therefore. Upon all, 
or substantially all, of the diamondoid compounds being 
desorbed from the porous solid, it can be used to absorb 
additional diamondoid compounds, or it may need to be 
regenerated in order to make is reusable 

In a continuous process, diamondoid compound 
containing fiuid may be continuously passed into con- 
tact with a fixed, fluidized or transport bed of suitable 
porous solid at a space velocity such that as much dia- 
mondoid compounds are desired is absorbed by the po- 
rous solid. In the case of a fixed bed absorber the bed 
is periodically taken out of absorption service and re- 
generated to recover the diamondoid compound con- 
tent thereof A stirred bed reactor may be used in a sim- 
ilar way or it may have means to continuously or inter- 
mittently remove some of the porous solid from the bed 
for desorption while providing means to add make-up 
fresh or regenerated porous solid A fixed-fluidized bed 



can operate similarly 

A transport bed reaction zone, by its fundamental 
nature, continuously removes porous solids from the ab- 
sorption zone for desorption and recycling. In a fixed, 

5 stirred or fixed fluidized bed reaction zone type opera- 
tion, multiple absorption zones can be used in a "swing 
bed" type operation where the feed is contacted with 
some bed or beds under absorption conditions while 
other bed or beds are being desorbed and/or regener- 

to ated 

The zeolite absorption zone according to this inven- 
tion is suitably operated at a temperature of about 50 to 
400°F (109 to 204°C). preferably at about 70 to 200°F 
(21 to 93°C). The pressure may be such as to keep the 
is teed fluid and readily flowable For example, pressures 
up to about 3000 psig (20.7 mPa) have been found to 
be operative Contact times, expressed as space veloc- 
ity, of about 1 to 30. preferably 2 to 10 LHSV have been 
found to be suitable. The combination of these operating 
20 parameters should be adjusted to produce whatever re- 
covery and product purity is desired Clearly longer con- 
tact times will absorb more diamondoid compounds but 
the purity of absorbate may be lower 

This invention is useful in lowering the concentra- 
25 tion of diamondoid compound in the feed hydrocarbona- 
ceous fluid as much s possible - in other words substan- 
tially removing all of the diamondoid compounds from 
the feed To accomplish this with hydrocarbonaceous 
mineral fluid feeds may require a zeolite absorbent hav- 
30 mg as much as 10 times or more of absorption capacity 
than is actually absorbed in the zeolite before regener- 
ation of the zeolite absorbent. In many cases a ratio of 
zeolite absorption capacity utilized to total zeolite ab- 
sorption capacity of about 2 to 10, has been found suit- 
es able, while in other cases as low a ratio as 1 .5 may be 
sufficient. 

In situations where the diamondoid compound con- 
tent of the porous solid is the limiting factor in the proc- 
ess, the ratio of absorption capacity utilized to the total 

40 absorption capacity can be as low as 0.5 or even lower, 
for example, 0.2 to 0.05 If it is desired to accomplish 
both results, that is remove much or substantially all the 
diamondoid compounds from the feed, and produce a 
product containing a very high diamondoid compound 

^5 content, a multistep operation has been found to be ef- 
fective In this latter case, multiple beds of zeolite ab- 
sorbent are sequenced so that the early bed(s) in the 
tram are designed to remove substantially all the dia- 
mondoid compounds from the feed even at the expense 

50 of absorbate purity When these beds are put into their 
desorption cycle, the desorbed effluent is passed 
through bed(s) designed to concentrate the diamondoid 
compounds, so that when these later beds are des- 
orbed, a substantially purified and concentrated dia- 

55 mondoid compound product is produced. 

Desorption of the absorbed diamondoid com- 
pounds can be accomplished by heating, steam strip- 
ping, washing with a selective solvent or combination 
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thereof Other known desorption techniques which sug- 
gest themselves may be used. 

Where selective solvent washing is used to desorb 
the diamondoid absorbate from the porous solid repre- 
sentative solvents are illustrated by light paraffins aro- 
matic hydrocarbons, simple alcohols, lower ketones, 
ethers and carbon dioxide This list is not exhaustive but 
merely illustrative Preferred washing solvents include, 
in addition to the aforementioned carbon dioxide, pro- 
pane, butanes, pentanes, hexanes, cyclohexanes me- 
thyl cyclopentane, benzene, toluene, xylene, methanol, 
ethanol, propanols. butanols. acetone, methyl ethyl ke- 
tone, dimethyl ether, diethyl ether, methyl ethyl ether, 
mixtures of two or more of such compounds and/or frac- 
tions containing sufficiently high proportions of such 
compound(s) to be good washing solvents. 

The embodiment of figure 3 is of particular impor- 
tance when the solvent 18 is an aromatic distillate The 
components of figure 3 are much the same as those of 
figure 1 and like parts have been designated with the 
reference numerals. 

The only difference is that aromatic distillate 91 is 
fed to pump 102 from where it is pumped as aromatic 
extract 416 This is explained below with reference to 
figure 4 

The foregoing process description referring to fig- 
ure 1 exemplifies one method by which a diamondoid 
containing aromatic distillate may be obtained for sub- 
sequent concentration by aromatics extraction as de- 
scribed below. The following process description details 
the steps by which a diamondoid-containing aromatic 
distillate stream may be treated to provide a stream rich 
in diamondoid compounds which may then be more ear- 
ily purified to recover diamondoids 

Referring now to the Figure 4, a hydrocarbona- 
ceous mineral source, or fraction thereof, such as nat- 
ural gas, 41 0 is fed into a production/refining processing 
system 412. The hydrocarbonaceous mineral source is 
more preferably a diamondoid-laden natural gas stream 
as designated by numeral 12 in Figure 3, described 
above The production/refining processing system de- 
scribed with reference to Figure 3 is a preferred embod- 
iment of the production/refining processing system des- 
ignated by numeral 412 in Figure 4. 

As part of this processing, the equipment may pe- 
riodically be treated with an aromatic distillate 414 as 
described above with reference to Figure 3 (equivalent 
to aromatic distillate stream 12 in figure 3) The hydro- 
carbon source 41 0 is preferably subjected to continuous 
washing with the aromatic distillate as described above 
This washing/extraction process produces an extract 
416 comprising diamondoid compounds, aromatic com- 
pounds not readily separable from the diamondoid com- 
pounds by distillation, linear aliphatic compounds and 
other compounds. The diamondoid compound contain- 
ing stream 416 is then contacted with an aromatic-se- 
lective solvent feed 41 8 in an extraction zone 420 under 
extraction conditions so as to partition the aromatics 



away from the diamondoid compounds and produce a 
diamondoid rich, substantially aliphatic raffinate 422 
and an aromatics rich, solvent extract 424. 

The extract stream 424 is fed to a distillation column 
5 426 which separates the stream into an aromatics-se- 
lective solvent distillate 428, and an aromatics-rich raffi- 
nate 430 The aromatics-nch raffinate 430 may have 
make-up aromatic distillate 432 added thereto if needed 
to reconstitute the aromatic distillate 414. The aromatics 
to selective solvent 428 has make-up solvent 433 added 
thereto it needed to reconstitute the aromatic selective 
solvent feed 416. 

The diamondoid containing raffinate 422 from the 
solvent extraction zone 420 is suitably fed to a distillation 

'5 column 434 where it is resolved into a raffinate 436 rich 
in diamondoid compounds and other streams 436 and 
440 rich in aliphatics of different boiling ranges. This in- 
vention is concerned with the production and recovery 
of the diamondoid compound fraction of the original hy- 

20 drocarbonaceous feed The recovery distillate streams 
435 and 440 are merely illustrative of some other frac- 
tions which can be recovered in this distillation step It 
is readily apparent that the number and content of the 
various distillate streams from this particular operation 

25 W in be a function of the content of the feed and the par- 
ticular product needs of the refiner. 

The solvent extraction operation of this embodi- 
ment of the invention is itself as well known petroleum 
and petrochemical unit operation. Its application to the 

30 particularly described service constitutes an important 
part of this invention Aromatic-selective solvents are 
well known and are illustrated by furfural, sulfolane, phe- 
nol, duosol, dimethyl formamide, etc. There are several 
well known commercially practised and available aro- 

35 matics extraction processes, such as Udex, which may 
be quite suitable for use in this service. 

One particularly important feature and attribute of 
this embodiment of the invention concerns corrosion in- 
hibiting additives which are conventionally added to the 

^0 distillate fuel oil wash liquid used to keep the producing 
and refining system clean of plugging deposits It has 
quite surprisingly been found, much to the refiner's ad- 
vantage, that the corrosion inhibitors frequently used in 
this service are recovered as a direct consequence of 

45 the aromatics extraction operation used herein. Thus it 
has been found that in extracting aromatics from admix- 
ture with diamondoids and other saturated organics, the 
corrosion inhibitors partition with the aromatics and are 
thereby separated and recovered from the diamondoid 

50 rich raffinate Further, it has most advantageously been 
found that these corrosion inhibitors stay with the aro- 
matics when the extract phase is later subjected to fur- 
ther resolution to separate the extracting solvent, sol- 
tolane for example, from the aromatics rich distillate fuel 

55 oil Thus these expensive corrosion inhibitors continu- 
ally recycle through the system along with the aromat- 
ics Make-up may be required from time to time How- 
ever, the process saves and reuses large proportions of 
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aromatic distillate-soluble corrosion inhibitors as op- 
posed to the prior art practice of burning them along with 
the distillate fuel or solvent 

One example of an aromatic-distillate soluble cor- 
rosion inhibitor which is commonly used in this service 
is KP-151 brand corrosion inhibitor distributed by the 
Petrolite Company of St. Louis MO 

The aromatics extraction step is suitably carried out 
with solvent used in excess, with respect to the stream 
being extracted, of about 2 to 1 to 5 to 1 ratio. Even high- 
er excess solvent can be used The particular solvent 
chosen for the extraction must be a good solvent for ar- 
omatic hydrocarbons and a poor solvent for saturated 
hydrocarbons The solvent should preferably have a 
boiling point lower than the boiling point of the aromatics 
being extracted and preferably should not form an aze- 
otrope with any of them 

The extraction temperature is suitably about 35 to 
200°C (95 to 392°F), preferably about 60 to 100°C, (140 
to 212°F) the temperature of the extraction process, 
and indeed the solvent to feed ratio, may be tailored to 
suit the particular type of operation preferred in any spe- 
cific situation. It is usually preferred to run the extraction 
process at as high a temperature as possible, consistent 
with other operating limitations, in order to induce rapid 
equilibration of the feed and to prevent or at least retard 
crystallization of the high melting diamondoids, particu- 
lar/ as their concentration increases as the aromatics 
are extracted away. However, temperatures below the 
normal boiling point of the extraction solvent are pre- 
ferred in order to avoid excessive pressures during the 
extraction process. Pressure is suitably controlled to 
mamtin the aromatics extraction solvent and the aromat- 
ic distillate in the liquid phase at operating temperature, 
typically between atmospheric pressure and about 790 
kPa (100 psig). 

The temperature, pressure and ratio of solvent to 
feed all can be interdependently varied to adjust the pro- 
portion of diamondoids being recovered. Thus if it is de- 
sired to recover the most diamondoids possible from the 
feed, the temperature will be kept to a minimum consist- 
ent with all of the other parameters hereof, and the pro- 
portion of solvent will be kept toward the lower end of 
the range specified. To the contrary, when it is desired 
to operate this process to maximize throughput and 
merely to keep the production/refining equipment clean 
and unplugged, higher temperatures and higherextract- 
ant ratios will be used. In this way although lower pro- 
portions of diamondoids will be recovered, the process 
can be operated with higher throughputs and a good 
equilibrium of diamondoid concentration can be 
achieved sufficient to minimize plugging problems. 

The extract phase from the aromatics extraction 
process is suitably resolved by fractional distillation in 
any conventional distillation column suitably designed 
to separate the extracting solvent from the aromatics/ 
corrosion inhibitor extract If the boiling points are far 
enough apart, flashing may be sufficient 



The raffinate. containing the diamondoid compound 
to be recovered, may also be resolved by distillation or 
steam stripping such that the diamondoids are recov- 
ered as raffinate The type of distillation and the perfec- 

5 tion of partition (recovery) is a matter of choice and de- 
sign. Clearly the distillation operating parameters which 
will yield the largest diamondoid recovery will probably 
also yield the least pure diamondoid product The con- 
trary is alsotrue, i.e., a purer diamondoid product stream 

io will be achieved at the expense of the quantity recov- 
ered If desired a train of distillation means can be suit- 
ably used. 

In figure 8. as in figure 1, liquid bottom stream 34 
from production separator 30 and 64 from regeneration 

is separator 80 normally flow to solvent accumulator drum 
90 Many of the parts are similar and like parts are des- 
ignated by like reference numerals. However, a portion 
of diamondoid-containmg solvent 810 is drawn off the 
solvent accumulator 90 and charged to thermal diffusion 

20 unit 800 Partially purified solvent 826 is then charged 
through pump 804 and mixed with diamondoid-contain- 
mg solvent 92 to be recycled Thermal diffusion unit 800 
is described below with reference to Figure 9. 

Referring now to Figure 9, the aforementioned so- 

25 lution of diamondoid compounds 810 is fed to an inter- 
mediate height inlet 81 2 on the hotter side 81 4 of a ther- 
mal diffusion apparatus 816 The hot surface 814 is 
maintained at a temperature of up to about 500°F 
(260°C) and is spaced apart from a parallel cooler sur- 

30 face 81 8 maintained at a temperature of less than about 
490°F (254°C) The space between the surfaces is set 
to between 0.003and 0.01 inch (0.0076 and 0.0254 cm), 
which is maintained by a gasket 820 of that thickness 
interposed between the outer edges of the hot and cool- 

35 er surfaces Proximate to the top 822 of the hotter sur- 
face 614 is a channel 824 through which a stream of 
solvent 826, depleted in diamondoid compounds, is col- 
lected for recycle or other use. Proximate to the bottom 
828 of the cooler surface 818 is a second channel 430 

40 through which a concentrated stream of diamondoid 
compounds 832 is collected. 

A thermal gradient diffusion process can operate in 
either a batch or continuous mode. The material to be 
resolved is placed between two (2) surfaces which differ 

45 m temperature. On factor affecting efficiency of resolu- 
tion is the temperature of the two surfaces Efficiency of 
separation is increased as a fraction of temperature, 
both the absolute temperature of both the surfaces, and 
the temperature of each surface relative to the other. It 

50 is preferred that the temperature of both surfaces be as 
high as practical, suitably about 50 to 500° F (10 to 
260°C). It is most preferred that the temperatures of the 
surfaces be about 100 to 300°F (38 to 149°C) 

With respect to the temperature differential between 

55 the two surfaces, this should be as great as practical, 
within the requirement that the temperature of both sur- 
faces should be as high as practical Suitably, the two 
surfaces should differ in temperature by at least about 
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10°F (5 6°C), preferably at least about 50'F (26°C) In 
accord with this embodiment of the invention then the 
mgher temperature surface is suitably maintained at a 
temperature of about 100 to 500°F (35 to 260°C). and 
the lower temperature surface is suitably maintained at 
a temperature of about 50 to 490°F (1 0 to 254°C), while 
maintaining the temperature differential as set forth 
above 

In accord with this embodiment of the invention, the 
two surfaces hereinbefore referred to, should preferably 
be spaced close together It has been found that spac- 
ings of less than about 0 01 inch (0.0254 cm) are appro- 
priate For better separation results, preferred spacing 
between the surfaces are up to about 0.003 inch (0.0076 
cm). The surfaces may, of course, vary in length, both 
in the direction of flow of the hydrocarbon feed contain- 
ing the diamondoid compounds, and normal to the flow 
direction. 

Differences in the density of molecules closer to the 
hotter surface and molecules closer to the cooler sur- 
face cause convection currents to be set up within the 
apparatus between the surfaces. The most efficient sep- 
arations are accomplished where the distance between 
the two surlaces is less than the radius f curvature of 
these convection currents. If this parameter is main- 
tained, the molecules will strike a proximate surface be- 
fore they have an opportunity to circulate around past 
that surface toward the other one It is desired that the 
diamondoid molecules strike the cooler surface, and run 
down it to a collection point, without eddying back 
around It is possible to assist in destroying eddy con- 
vection currents by installing baffles or insulation be- 
tween the surfaces such that these eddy currents are 
disrupted, but not sufficient to severely retard the flow 
of molecules between the surlaces. 

Since this separation process is dependent upon 
temperature differences and density differences be- 
tween molecules, the separations can be assisted by 
artificially increasing gravitational forces acting on the 
molecules This can be accomplished by carrying out 
the process under artificial gravity such as by the appli- 
cation of centrifugal force. Artificial gravity up to about 
100 G forces seem to be suitable 

The process of this invention can be carried out in 
several different modes to accomplish different objec- 
tives. If it is desired to remove as much diamondoid com- 
pound as possible from a hydrocarbon fraction without 
too much concern for the purity of the diamondoid frac- 
tion of the product, residence time in the instant process 
should be made relatively short, e g about 10 minutes 
Further, if this is the object, low ratios of process direc- 
tion length of the surlaces to width of the surfaces are 
desired, eg about 2 to 1 Still further, the highest 
achievable temperature and the highest achievable 
temperature differential should be used. 

On the other hand, if it is desired to produce a lower 
rate of diamondoid recovery, but produce a purer dia- 
mondoid product stream, higher length to width ratios 



can be used. In this aspect of this invention, length to 
width ratios of as much as about 100 to 1 have been 
found to be suitable, with temperature differentials of 
about 10 to 50°F (5.6 to 2B°C) being acceptable and 
s higher temperature differentials being desirable. 

It is important that the overall temperature of the op- 
eration be such that the adamantane compounds do not 
precipitate from the feed stream. Thus, the operating 
temperatures may be limited by the melting point of the 
to highest melting diamondoid compound in the feed Ad- 
amantane is the highest melting diamondoid. 296°C at 
atmospheric pressure, and so if the operating tempera- 
ture is maintained above 296°C with the pressure at at- 
mospheric or higher, this condition will be fulfilled How- 
T5 ever, because of mutual solubilities of diamondoids, 
crystallization is often inhibited and temperatures lower 
than the melting point of the highest melting point dia- 
mondoid present can be used It is of course possible 
to operate at higher or lower pressures than atmospher- 
ic ic. depending upon other desirata. particularly good 
process operation Therefore the absolute temperature 
requirement will vary depending upon the pressure In 
any case, the functional requirement that the diamon- 
doid be maintained as a liquid will govern. 

25 

Examples 

In the following examples, parts and percentages 
are by volume unless expressly stated to be on some 
30 other basis 

Embodiment 1 

The following examples are representative of the 
35 process referred to above as embodiment 1 and shown 
in figure 1 of the accompanying drawings. 

Well No. 1 

40 The production cooler (air cooled fin-fan heat ex- 

changer) of Well No 1 was taken out of survice due to 
unacceptably high pressure drop across the exchanger. 
The heat exchange tubes, particularly the first several 
passes, were found to be plugged with a crystalline de- 

45 posit which was analyzed and determined to be a mix- 
ture of diamondoid compounds rich in adamantane and 
diamantane 

Day 1 - The tubes were flushed with diesel fuel until 
mechanically clean and returned to service 

50 Day 2 - Intermittent injection of 50-100 gallon (0.189 

- 0 379m 3 ) slugs of diesel fuel containing a minor 
amount of KW-151 and KP-111 brand corrosion inhibi- 
tors distributed by the Petroiite Company of St Louis, 
MO was initiated upstream of the production cooler The 

55 average slug injection rate ranged between 1 and 2 
slugs per day The natural gas flowrate from Well No 1 
remained between 10 and 15 MMSCF/D (283.000 to 
425,000m 3 /day) 
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Day 173 - Slug injection was discontinued and con- 
tinuous injection of diese! fuel at 2-4 GPM (1.51 x 10 -4 
to 3 03 x l0* 3 m 3 /s) was initiated. 

Day 316 - No variation in process conditions indic- 
ative of accumulating diamondoid solids Visual inspec- 
tions of process internals revealed no further accumu- 
lation of diamondoid solids Analysts of circulating diesel 
fuel shows progressive increase in diamondoid content 
further indicating successful ongoing diamondoid extra- 
tion 

Well No. 2 

Day 2 - Intermittent injection of 50-1 00 gallon (0 189 

- 0.379m 3 ) slugs of diesel fuel containing a minor 
amount of KW-151 and KP-111 brand corrosion inhibi- 
tors was initiated upstream of the production cooler in 
Well No 2 The average slug injection rate ranged be- 
tween 1 and 2 slugs per day. The natural gas flowrate 
for Well No. 2 remained between 10 and 15 MMSCF/D 
(233,000 to 425,000m 3 /day) 

Day 110 - Slug injection was discontinued and con- 
tinuous injection of diesel fuel at 2-4 GPM (1.51 x iCr 4 
to 3 03 x 10-*m 3 /s) was initiated. 

Day 168 - No variation in process conditions indic- 
ative of accumulating diamondoid solids Visual in- 
spects of process internals revealed no further accumu- 
lation of diamondoid solids. Analysis of circulating diesel 
fuel shows progressive increase in diamondoid content 
further indicating successful ongoing diamondoid ex- 
traction. 

Well No 3 

Day 2 - Intermittent injection of 50-1 00 gallon (0 1 89 

- 0 379m 3 ) siugs of diese! fuel containing a minor 
amount of KW-151 and KP-111 brand corrosion inhibi- 
tors as initiated upstream of the production cooler in 
Well No. 3 The average slug injection rate ranged be- 
tween 1 and 2 slugs per day. The natural gas flowrate 
for Well No. 3 remained between 1 0 and 1 5 MMSCF/D 
(283,000 to 425,000m 3 /day). 

Day 173 - Slug injection was discontinued and con- 
tinuous injection of diesel fuel at 2-4 GPM (1.51 x 10 4 
to 3 03 x I0^m 3 /s) was initiated. 

Day 316 - No variation in process conditions indic- 
ative of accumulating diamondoid solids. Visual inspec- 
tions of process internals revealed no further accumu- 
lation of diamondoid solids Analysis of circulating diesel 
fuel shows progressive increase in diamondoid content 
further indicating successful ongoing diamondoid ex- 
traction. 

Embodiment 3 

The following examples are representative of the 
process referred to above as embodiment 3 and shown 
in figures 3 to 7 of the accompanying drawings 



In the following examples a mixture of an equilibri- 
um mixture of 10 parts of diamondoids dissolved in 90 
parts of an aromatic distillate fuel oil containing O S wt. 
% of KW-1 1 1 brand carboxylic acid/polyamme antifoam 

5 and 400 ppm wt of KP-1 51 brand thioalky! substituted 
phenolic heterocyclic corrosion inhibitor was used. The 
antifoam and corrosion inhibitor were purchased from 
the Petrolite Company of St Louis, MO The aromatic 
distillate fuel oil was a diesel fuel having an approximate 

to composition as shown in the following Table. Fig 5 
shows a gas chromatographic analysis of the feed ma- 
terial. 
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Aromatics 


46-58 


wt 


% 


Paraffins 


22-29 


wt. 


% 


1 -ring Naphthenes 


12-18 


wt 


O/ 
o 


2-rmg Naphthenes 


5-6 


wt 


% 


3-rmg Naphthenes 


1-3 


wt 


% 



Three hundred (300) parts of the feed mixture iden- 
tified above was extracted with 600 parts of furfural at 

25 room temperature and atmospheric pressure in a batch 
extraction. After the mixture was shaken, and parti- 
tioned itself into layers, an additional 1 00 parts of furfural 
were added and the upper layer further extracted there- 
by. The saturated hydrocarbon (upper) layer was de- 

30 canted off, washed with a mixture of 1 part methanol and 
3 parts water to remove any lingering furfural, and then 
dried over alumina to yield 1 00 parts of diamondoid con- 
taining product. 

The diamondoid containing product was resolved 

35 into its components in a gas chromatograph which an- 
alyzed the product to contain 15 parts of diamondoid. 
While the extract phase was not further resolved, it could 
have been conventionally separated to recover and re- 
cycle the furfural. 

40 Fig. 6 shows a gas chromatographic analysis of the 

raffinate from the extraction unit 

Example 2 

45 This example was run on the same feed mixture as 
in Example I About 30 parts of feed was extracted with 
100 parts of dimethyl formamide at room temperature 
The raffinate was subjected to gas chromatographic 
separation to show a yield of about 1 5 parts of diamon- 

so doids 

Figure 7 shows a gas chromatographic analysis of 
the raffinate from the extraction unit. 

Embodiment 4 

55 

The following examples are representative of the 
process referred to above as embodiment 4 and shown 
in figure 8 to 11 of the accompanying drawings 
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Example 1 
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in the following examples a mixture of an equilibri- 
um mixture of 10 parts of diamondoids dissolved in 90 
parts of an aromatic distillate fuel oil containing 0.6 wt. 
% of KW-111 brand carboxylic acid-polyamme antifoam 
and 400 ppm wl of KP-151 brand thioalkyl substituted 
phenolic heterocyclic corrosion inhibitor was used. The 
antifoam and corrosion inhibitor were purchased from 
the Petrolite Company of St. Louis, MO The aromatic 
distillate fuel oil was a diesel fuel having an approximate 
composition as shown in the following Table Fig 5 
shows a gas chromatographic analysis of the feed ma- 
terial. 



Aromatics 


46-56 


wt 


O/ 
.'O 


Paraffins 


22-29 


wt. 


% 


1 -ring Naphthenes 


12-16 


wt 


% 


2-nng Naphthenes 


5-6 


wt 


% 


3-rmg Naphthenes 


1-3 


wt. 


% 



Example 3 

The diamondoid containing feed mixture of diamon- 
doids in aromatic distillate luel described above was re- 
solved into its components in a gas chromatograph 
which analyzed the product to contain 10 parts of dia- 
mondoid in 90 parts of hydrocarbon liquid. The chroma- 
tographic analysis of the feed mixture is shown in Figure 
5 The diamondoid containing product was then re- 
solved in a thermal diffusion apparatus. The thermal dif- 
fusion apparatus included two concentric tubes approx- 
imately five (5) feet (1 52m) in length sized such that the 
outside diameter of the inner tube exceeded the inside 
diameter of the outer tube by approximately 0.006 inch 
(0.0076cm). Thus the space between the two surlaces 
was approximately 0.003 inch (0.0152cm). The inside 
diameter of the outer tube and the outside diameter of 
the inner tube were each approximately two (2) inches 
(5 ,08cm). The inner tube was maintained at a tempera- 
ture of about 78°F (26°C) by flowing cooling water 
through the length of the inner tube The outer tube was 
maintained at a temperature of about 146°F (64°C) by 
electric resistance heating. 

The diamondoid containing product mentioned 
above was then allowed to equilibrate in the thermal dif- 
fusion apparatus for a period of about 20 hours. The 
product was then sampled by withdrawing the top and 
bottom 1 0 volume percent from the thermal diffusion ap- 
paratus The bottom 10% contained more than 20 
weight percent diamondoid compounds as shown by 
chromatographic analysis in Figure 10. The top 10% 
predominately contained normal paraffins as shown by 
chromatographic analysis in Figure 11 . 



Claims 

1. A process for extracting diamondoid compounds 



from a gas stream comprising the of - 

(a) providing a gas stream containing a recov- 
erable concentration of diamondoid com- 

5 pounds 

(b) subjeting the gas stream to a separation 
process whereby to separate at least part of 
said diamondoid compounds from the gas 
stream 

w 

wherein said separation process comprises the 
steps of 

(c) mixing said gas stream containing diamon- 
;5 doid compounds with a solvent in which dia- 
mondoid compounds are at least partially solu- 
ble; 

(d) controlling the conditions including temper- 
ature and pressure of said mixture of step (c) 

20 to maintain at least a portion of said mixture in 

the liquid phase: 

(e) separating said mixture under the controlled 
conditions of step (d) into a vapor stream and 
a diamondoid-enriched solvent stream; and 

25 (f) recovering diamondoid compounds from 

said diamondoid-enriched solvent stream 

2. A process according to claim 1, wherein said sol- 
vent is a petroleum hydrocarbon, preferably diesel 

30 fuel 

3. A process according to claim 1 or 2, wherein step 
(e) further comprises cooling said mixture of step 
(d) ; preferably reducing the temperature of said 

35 mixture of step (d) to a temperature between about 

24 and60°C (75 and 140°F). 

4. A process according to any preceding claim, where- 
in said separation process further includes the 

40 steps of: 

(g) contacting said vapor stream with silica gel 
in a first sorption zone for a period of time suf- 
ficient lor said silica gel to sorb at least a portion 

45 of said diamondoid compounds from said hy- 

drocarbon gas ; and 

(h) recovering diamondoid compounds from 
said silica gel in a second sorption zone by con- 
tacting said silica gel with a regeneration fluid 

so m which diamondoid compounds are at least 

partially soluble to desorb diamondoid com- 
pounds from said silica gel. 

5. A process according to any of claims 1 . 2, 3 or 4, 
55 wherein said diamondoid compounds include ada- 

mantane and diamantane. said solvent is selected 
to solvate diamantane preferentially to adaman- 
tane: in step (e) said mixture is separated into an 
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adamantane-ennched gas stream and a diaman- 
tane-ennched solvent stream; in step (f) diaman- 
tane is recovered from said diamantane-ennched 
solvent stream and turther comprising the steps of 

5 

(g) contacting said adamantane-ennched gas 
stream with silica gel in a first sorption zone for 
a period of time sufficient for said silica gel to 
sorb at least a portion of adamantane from said 
adamantane-ennched gas; and to 

(h) recovering adamantane from silica gel in a 
second sorption zone by contacting said silica 
gel with a regeneration fluid in which adaman- 
tane ts at least partially soluble to desorb ada- 
mantane from said silica gel. 1$ 

6. A process according to claim 4, wherein after step 
(h), the following step is carried out. 

recovering diamondoid compounds from at 
least a portion of said regeneration fluid by contact- 20 
mg said regeneration fluid with a porous solid hav- 
ing pore opening large enough to admit said dia- 
mondoid compounds thereinto and small enough so 
that at least about 50% of the external atoms of said 
diamondoid compounds are capable of simultane- 25 
ously contacting the internal walls of the pores of 
said solid under conditions conducive to absorption 
of diamondoid compounds by said solid; and then 
desorbing the absorbate comprising diamondoid 
compounds from said solid absorbant. 30 

7. A process according to any of claims 1 to 3, wherein 
after step (f) the following step is carried out 

recovering diamondoid compounds from said 
diamondoid-ennched solvent stream to produce a 35 
purified solvent stream by contacting said diamon- 
doid-ennched solvent stream with a porous solid 
having pore opening large enough to admit said dia- 
mondoid compounds thereinto and small enough so 
that at least about 50% of the external atoms of said *o 
diamondoid compounds are capable of simul- 
tanously contacting the internal walls of the pores 
of said solid under conditions conducive to absorp- 
tion of diamondoid compounds by said solid; and 
then desorbing the absorbate comprising diamon- 
doid compounds from said porous solid 

8. A process according to any of claims 1 to 3. wherein 
the step of recovering diamondoid compounds from 
said diamondoid-ennched solvent stream compns- so 
es extracting said diamondoid-ennched solvent 
stream with an aromatics selective solvent to pro- 
duce at least a diamondoid rich raffinate and an ar- 
omatics rich extract; and recovering diamondoid 
compounds from said diamondoid rich raffinate. 55 

9. A process according to claim S. wherein said par- 
tially purified gas stream is contacted with silica gel 



in a first sorption zone for a period of time sufficient 
for said silica gel to sorb at least a portion of said 
diamondoid compounds from said hydrocarbon 
gas; 

said diamondoid compounds are recovered 
from silica gei in a second sorption zone by con- 
tacting said silica gel with a regeneration fluid 
in which diamondoid compounds are at least 
partially soluble to desorb diamondoid com- 
pounds from said silica gel. 
said regeneration fluid is separated into a re- 
generation gas stream and a regeneration liq- 
uid stream; and 

said diamondoid compounds are concentrated 
in said regeneration liquid stream by a method 
which comprises extracting said regeneration 
liquid stream with an aromatics selective sol- 
vent to produce at least a diamondoid rich raffi- 
nate and an aromatics rich extract; and recov- 
ering diamondoid compounds from said dia- 
mondoid rich raffinate 

1 0. A process according to any of claims 1 to 3, wherein 
the step of recovering diamondoid compounds from 
said diamondoid-enriched solvent stream compris- 
es passing said diamondoid-enriched solvent 
stream between two surfaces spaced apart up to 
substantially 0.01 inch (0.0254 cm) at a tempera- 
ture higher than the melting point of the lowest melt- 
ing diamondoid in said diamondoid-enriched sol- 
vent stream up to substantially 500° F (260°C), and 
at a temperature differential between said surfaces 
of at least substantially 10°F (5.6°C) for a time suf- 
ficient to recover therefrom a first stream enriched 
in said diamondoid compounds, and a second 
stream depleted in said diamondoid compounds 

11. A process for extracting diamondoid compounds 
from a gas stream comprising the steps of:- 

(a) providing a gas stream containing a recov- 
erable concentration of diamondoid com- 
pounds; 

(b) subjecting the gas stream to a separation 
process whereby to separate at least part of 
said diamondoid compounds from the gas 
stream; 

wherein said separation process comprises 
the steps of: 

(i) contacting said diamondoid-containing gas 
stream with silica gel in a sorption zone for a 
period of time sufficient for said silica gel to sorb 
at least a portion of said diamondoid com- 
pounds from said hydrocarbon gas; and 
(j) regenerating said silica gel by contacting 
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said silica gel with a regeneration fluid in which 
diamondoid compounds are at least partially 
soluble to desorb diamondoid compounds from 
said silica gel. 

5 

12. A process according to claim 11, wherein the gas 
stream is a natural gas stream 

1 3. A process according to claim 11 or 1 2. wherein after 
step (j) the following step is carried out: to 

recovering diamondoid compounds from at 
least a portion of said regeneration fluid by contact- 
ing said regeneration fluid with a porous solid hav- 
ing pore openings large enough to admit said dia- 
mondoid compounds thereintoand small enough so 15 
that at least about 50% of the externa! atoms of said 
diamondoid compounds are capable of simultane- 
ously contacting the internal walls of the pores ot 
said solid under conditions conducive to adsorption 
of diamondoid compounds by said solid; and then 20 
desorbing the absorbate comprising diamondoid 
compounds from said porous solid. 

1 4. A process according to claim 11 or 1 2, wherein after 
step G) the following steps are carried out 25 



15. A process according to claim 11 or 12, wherein after 
step (j) the following step is carried out: 4 0 

recovering diamondoid compounds from said 
diamondoid-enriched solvent stream by passing 
said diamondoid-enriched solvent stream between 
two surfaces spaced apart up to substantially 0.01 
inch (0.0254 cm) at a temperature higher than the 
melting point of the lowest melting diamondoid in 
said diamondoid-enriched solvent stream up to 
substantially 500°F (260°C), and at a temperature 
differential between said surfaces of at least sub- 
stantially 1 0°F (5.6°C) tor a time sufficient to recov- so 
er therefrom a first stream enriched in said diamon- 
doid compounds, and a second stream depleted in 
said diamondoid compounds. 

16. A process according to claim 4, 5 6, 9, 11 , 12, 13, 55 
14 or 15, wherein said silica gel contacting step (g) 

or (i) is carried out under conditions of temperature 
and pressure to prevent substantial formation of 



solid diamondoid deposits in said sorption zone 

17. A process for extracting diamondoid compounds 
from a fluid comprising the steps of - 

(a) providing a fluid containing a recoverable 
concentration of diamondoid compounds: 

(b) subjecting the fluid to a separation process 
whereby to separate at least part of said dia- 
mondoid compounds from the fluid. 

wherein said separation process comprises 
the steps of: 

contacting said fluid with a porous solid having pore 
openings large enough to admit said diamondoid 
compounds thereinto and small enough so that at 
least about 50% of the external atoms of said dia- 
mondoid compounds are capable of simultaneously 
contacting the internal walls of the pores of said sol- 
id to absorb diamondoid compounds by said solid; 
and then desorbing the absorbate comprising dia- 
mondoid compounds from said solid absorbant, 

wherein said absorption is carried out at sub- 
stantially 50 to 400°F (10 to 204°C) and/or said ab- 
sorption is carried out at a pressure such that said 
fluid is a liquid, 
and wherein: 

(i) said porous solid is a zeolite solid comprising 
pores having from substantially 24 to 26 atoms 
defining at least one pore system; and/or. 

(ii) said porous solid is a zeolite solid which 
comprises at least one of silicon, aluminum, bo- 
ron, phosphorous, gallium or iron; and/or 

(iii) said porous solid is a zeolite solid which has 
a topology corresponding to that of at least one 
of faujasite, mazzite, offretite, mordenite, 
gmelmite. Linde L, ZSM-12, ALPO-5, MAPSO- 
46, Co APO-50, VPI-5, zeolite beta, ZSM-4 or 
MCM-9; and/or 

(iv) said porous solid contains channel struc- 
tures having minor radii of substantially 3 to 4 
Angstroms 

18. A process according to claim 17 ; wherein said ab- 
sorption process is carried out at substantially 70 to 
200 °F (21 to 93°C). 

19. A process according to claim 17 or 18, comprising 
separating porous solid containing absorbate com- 
prising diamondoid compounds from the fluid, and 
then preferably said separated porous solid is sub- 
sequently: 

(i) heated for a time and at a temperature suf- 
ficient to desorb diamondoid compounds there- 
from: 

(ii) steam stripped to recover diamondoid corn- 



separating said regeneration fluid into a regen- 
eration gas stream and a regeneration liquid 
stream; and 

concentrating diamondoid compounds in said 30 
regeneration liquid stream by a method which 
comprises extracting said regeneration liquid 
stream with an aromatics selective solvent to 
produce at least a diamondoid rich raffinate and 
an aromatics rich extract; and recovering dia- 35 
mondoid compounds from said diamondoid 
rich raffinate 
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pounds therefrom; or 

washed with a solvent to leach said diamon- 
doid compounds out of said porous liquid and 
then said diamondoid compounds are separat- 
ed from said solvent 5 

20. A process according to claim 19. wherein said sol- 
vent is at least one selected from the group consist- 
ing of propane, butanes, pentanes. hexanes, cy- 
clohexane, methyl cyclopentane, benzene, tolu- io 
ene, xylene, methanol, ethanol. propanols. bu- 
tanols. acetone, methyl ethyl ketone, dimethyl 
ether, diethyl ether methyl ethyl ether and carbon 
dioxide and mixtures thereof. 

15 

21. A process according to claim 17 or 1c : wherein at 
least a large fraction of diamondoid compounds are 
absorbed from said fluid as an impure absorbate in 
a first porous solid, said diamondoid compounds 
containing first porous solid is separated from said 20 
fluid said absorbate is desorbed to form a first de- 
sorbate. diamondoid compounds are absorbed 
from said first desorbate in a second porous solid 
under conditions sutficient to produce an absorbate 
having a higher concentration of diamondoid com- 25 
pounds, said diamondoid compound containing 
second porous solid is separated from said first de- 
sorbate, and diamondoid compounds are desorbed 
from said second porous solid. 

30 

22. A process according to claim 21 , wherein said first 
and second porous solids are the same, and/or said 
absorption is carried out in a fixed bed, a fixed flu- 
idized bed, or in a transport bed, and/or there are 

at least two beds of solids, one operating in an ab- 35 
sorption mode and the other operating in a desorp- 
tion mode 

23. A process for extracting diamondoid compounds 
from a fluid comprising the steps of:- 40 

(a) providing a fluid containing a recoverable 
concentration of diamondoid compounds; 

(b) subjecting the fluid to a separation process 
whereby to separate at least part of said dia- 4 $ 
mondoid compounds from the fluid, 

wherein said fluid comprises a substantially 
hydrocarbon solution of said diamondoid com- 
pounds, said solution containing aromatic fractions; so 
and wherein said separation process comprises 
concentrating said diamondoid compounds in said 
solution by extracting said solution with an aromat- 
ics selective solvent to produce at least a diamon- 
doid rich raffinate and an aromatics rich extract, and ss 
recovering diamondoid compounds from said dia- 
mondoid rich raffinate. 



24. A process according to claim 23, wherein said aro- 
matics selective solvent is at least one selected 
from the group consisting of furfural, sulfolane. phe- 
nol duosol and dimethyl formamide and/or 

said extraction is carried out at substantially 35 
to 200°C (95 to 392°F) . and/or 
said extraction is carried out at an extractant to 
substantially hydrocarbon solution ratio of sub- 
stantially 2 to 1 to 5 to 1 

25. A process according to claim 23 or 24, wherein said 
substantially hydrocarbon solution further contains 
at least one corrosion inhibitor. 

26. A process according to claim 25, wherein said ex- 
traction partitions said corrosion inhibitor with said 
aromatics and away from said diamondoid com- 
pounds. 

27. A process according to any of claims 23 to 26, 
wherein said hydrocarbon solution is formed by 
contacting a subsantially hydrocarbonaceous min- 
eral containing diamondoid compounds with an ar- 
omatic rich distillate fuel oil, whereby to transport 
diamondoid compounds from said mineral to said 
oil 

28. A process for extracting diamondoid compounds 
from a fluid comprising the steps of> 

(a) providing a fluid containing a recoverable 
concentration of diamondoid compounds; 

(b) subjecting the fluid to a separation process 
whereby to separate at least part of said dia- 
mondoid compounds from the fluid; 

wherein said separation process comprises 
the steps of: 

passing said fluid between two surfaces spaced 
apart up to substantially 0 01 inch (0.0254 cm) at a 
temperature higher than the melting point of the 
lowest melting diamondoid in said fluid up to sub- 
stantially 500°F (260°C), and at a temperature dif- 
ferential between said surfaces of at least substan- 
tially 10°F (5.6°C) for a time sufficient to recover 
therefrom a first stream enriched in said diamon- 
doid compounds, and a second stream depleted in 
said diamondoid compounds. 

29. A process according to claim 28 wherein said sur- 
faces are maintained at a temperature of substan- 
tially 50°F (10°C) to substantially 500°F (260°C) 
and/or 

said surfaces are maintained at a temperature 
differential of substantially 1 00°F {3S°C) to substan- 
tially 300°F (149°C) 
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30. A process according to claim 25 or 29. wherein nat- 
ural gas containing a substantial concentration of 
diamondoid compounds is contacted with an aro- 
matic distillate fuel oil for a time sufficient to extract 
diamondoid compounds from said natural gas and 
to form said fluid, which fluid comprises a solution 
of diamondoid compounds, and then passing said 
solution between said surfaces 

31. A process according to any of claims 28 to 30. 
wherein said fluid is sequentially passed between a 
multiplicity of said surface pairs in streamwise se- 
ries, and a diamondoid-ennched product is recov- 
ered from each surface pair: or 

said fluid is passed substantially simultane- 
ously between a multiplicity of said surface pairs, 
and a diamondoid-ennched product is recovered 
from each surface pair 

32. A process according to any of claims 1 to 10. 17 to 
22 or 28 to 31, wherein the fluid is a gas stream, 
preferably a natural gas stream. 

33. A process according to any of claims 1 to 22 or 26 
to 31 , wherein the gas stream is obtained from a 
natural gas well, and said gas stream is provided 
by withdrawing natural gas containing diamondoid 
compounds from said natural gas well. 

34. A process according to any of claims 17 to 22 or 28 
to 31 , wherein said fluid comprises natural gas liq- 
uids, or said fluid comprises a solution of said dia- 
mondoid compounds in distillate fuel oil 



Patentanspruche 

1. Verlahren zum Extrahieren diamantartiger Verbin- 
dungen aus einem Gasstrom, welches die Schritte 
umfaBt: 

(a) Bereilstellen eines Gasstroms, der eine zur 
Ruckgewinnung geeignete Konzentration an 
diamantartigen Verbindungen enthalt; 

(b) Unterziehen des Gasstromes einem Trenn- 
verfahren, wodurch zumindest ein Teil der dia- 
mantartigen Verbindungen vom Gasstrom ab- 
getrennt wird, 

wobei das Trennverfahren die Schritte umfaBt: 

(c) Mischen des Gasstroms, der diamantartige 
Verbindungen enthalt, mit einem Losungsmit- 
tel, in dem die diamantartigen Verbindungen 
zumindest teilweise loslich sind; 

(d) Regelung der Bedingungen. einschlieBlich 
Temperatur und Druck, der Mischung vom 
Schritt (c), wodurch zumindest ein Teil der Mi- 



schung in der flussigen Phase gehalten wird 

(e) Trennen der Mischung bei den geregetten 
Bedingungen vom Schritt (d) in einen Dampfst- 
rom und einen mit diamantartigen Verbindun- 

5 gen angereicherten Losungsmitteistrom; und 

(f) Gewmnen der diamantartigen Verbindungen 
aus dem mit diamantartigen Verbindungen an- 
gereicherten Losungsmitteistrom. 

to 2. Verfahren nach Anspruch 1 , wobei das Losungsmit- 
tel ein Benzmkohlenwasserstoff . vorzugsweise Die- 
selkraftstoff ist 

3. Verfahren nach Anspruch 1 Oder 2. wobei der 
is Schritt (e) auBerdem das Abkuhlen der Mischung 

vom Schritt (d) umfaBt. wobei die Temperatur der 
Mischung vom Schritt (d) vorzugsweise auf eine 
Temperatur zwischen etwa 24 und 60°C (75 und 
140°F) verrmgert wird. 

20 

4. Verfahren nach einem der vorstehenden Anspru- 
che, wobei das Trennverfahren auBerdem die 
Schritte umfaBt. 

25 (g) Kontakt des Dampfstroms mit Kieselgel in 

einer ersten Sorptionszone wahrend eines aus- 
reichenden Zertraums, damit das Kieselgel zu- 
mindest einen Teil der diamantartigen Verbin- 
dungen aus dem Kohlenwasserstoffgas sor- 

30 biert; und 

(h) Gewinnen der diamantartigen Verbindun- 
gen aus dem Kieselgel in einer zweiten Sorpti- 
onszone durch Kontakt des Kieselgels mit ei- 
nem Regenerierungsfluid, in dem die diamant- 

35 artigen Verbindungen zumindest teilweise los- 

lich sind, wodurch die diamantartigen Verbin- 
dungen aus dem Kieselgel desorbiert werden. 

5. Verfahren nach einem der Anspruche 1 , 2, 3 Oder 
40 4, wobei die diamantartigen Verbindungen 

Adamantan und Diamantan umfassen; das Lo- 
sungsmittel so ausgewahlt wird, daB Diamantan ge- 
genuber Adamantan bevorzugt solvatisiert wird, die 
Mischung im Schritt (e) in einen mit Adamantan an- 
45 gereicherten Gasstrom und einen mit Diamantan 

angereicherten Losungsmitteistrom getrennt wird; 
im Schritt (f) Diamanatan vom mit Diamantan ange- 
reicherten Losungsmitteistrom gewonnen wird, 
das auBerdem die Schritte umfaBt: 

50 

(g) Kontakt des mit Adamantan angereicherten 
Gasstroms in einer ersten Zone wahrend eines 
ausreichenden Zeitraums mit Kieselgel, damit 
Kieselgel zumindest einen Teil des Adaman- 

55 tans aus dem mit Adamantan angereicherten 

Gas sorbiert; und 

(h) Gewinnen des Adamantans in einer zweiten 
Sorptionszone vom Kieselgel durch Kontakt 
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von Kieseigel mit einem Regenenerungsfluid. 
in dem Ada man tan zumindest teilweise loslich 
tst. wodurch Adamantan aus Kieseigel desor- 
bierl wird 

5 

6. Vertahren nach Anspruch4. wobetnach dem Schntt 
(n) folgender Schntt vorgenommen wird 
Gewinnen der diamantartigen Verbindungen aus 
zumindest einem Tei! des Regenenerungsfluids 
durch Kontakt des Regenenerungsfluids mit einem 10 
porosen Feststoff. dessen Porenoflnung ausrei- 
chend groB, damrt die diamantartigen Verbindun- 
gen eindnngen kdnnen. und ausreichend klein ist, 
damit zumindest etwa 50% der auBeren Atome der 
diamantartigen Verbindungen gleichzeitig die In- is 
nenwande der Poren des Feststoffs beruhren kon- 
nen, bei Bedingungen, die die Absorption der dia- 
mantartigen Verbindungen durch den Feststofl ein- 
leiten, und anschlieBendes Desorbieren des Absor- 
bats, das diamantartige Verbindungen umfaBt, aus 20 
dem festen Absorptionsmittei 

7. Vertahren nach einem der Anspruche 1 bis 3. wobet 
nach dem Schritt (T) folgender Schntt vorgenom- 
men wird: Gewinnen der diamantartigen Verbindun- 25 
gen aus dem mit diamantartigen Verbindungen an- 
gereicherten Losungsmittelstrom, wodurch ein ge- 
reinigter Losungsmittelstrom erzeugt wird, durch 
Kontakt des mit diamantartigen Verbindungen an- 
gereicherten Losungsmittelstroms mit einem poro- 30 
sen Feststoff mit einer Porendffnung, die ausrei- 
chend groB, damit die diamantartigen Verbindun- 
gen eindnngen konnen, und ausreichend klein ist, 
damit zumindest etwa 50% der auBeren Atome der 
diamantartigen Verbindungen gleichzeitig die In- 35 
nenwande der Poren des Feststoffs beruhren kon- 
nen, bei Bedingungen, die die Absorption der dia- 
mantartigen Verbindungen vom Feststoff einieiten, 
und anschlieBendes Desorbieren des Absorbats, 
das diamantartige Verbindungen umfaBt, aus dem *o 
porosen Feststoff 

8. Verfahren nach einem der Anspruche 1 bis 3, wobei 
der Schritt der Gewinnung der diamantartigen Ver- 
bindungen aus dem mit diamantartigen Verbindun- 45 
gen angereicherten Losungsmittelstrom das Extra- 
hieren des mit diamantartigen Verbindungen ange- 
reicherten Losungsmittelstroms mit einem fur Aro- 
maten selektiven Losungsmittel, wodurch zumin- 
dest em an diamantartigen Verbindungen reiches so 
Raffinat und ein aromatenreicher Extrakt erzeugt 
werden, und die Gewinnung der diamantartigen 
Verbindungen aus dem an diamantartigen Verbin- 
dungen reichen Raffinat umfaBt 

55 

9. Vertahren nach Anspruch 8. wobei der teilweise ge- 
reinigte Gasstrom in einer ersten Sorptionszone 
ausreichend lange mit Kieseigel in Kontakt ge- 



bracht wird. damrt das Kieseigel zumindest einen 
Teii der diamantartigen Verbindungen aus dem 
Kohlenwasserstoffgas sorbiert: 

die diamantartigen Verbindungen in einer zwei- 
ten Sorptionszone vom Kieseigel gewonnen 
werden mdem das Kieseigel mit einem Rege- 
nenerungsfluid in Kontakt gebracht wird in der 
die diamantartigen Verbindungen zumindest 
teilweise loslich sind, wodurch die diamantarti- 
gen Verbindungen aus dem Kieseigel desor- 
biert werden; 

das Regenenerungsfluid in einen Regenene- 
rungsgasstrom und einen Regenerierungsflus- 
sigkeitsstrom getrennt wird: und 
die diamantartigen Verbindungen durch ein 
Verfahren im Regenenerungsflussigkeitsstrom 
nach einem Verfahren konzentnert werden, 
das das Extrahieren des Regenerierungsflus- 
sigkeitsstroms mit einem fur Aromaten selekti- 
ven Losungsmittel, wodurch ein an diamantar- 
tigen Verbindungen reiches Raffinat und ein 
aromatenreicher Extrakt erzeugt werden, und 
die Gewinnung der diamantartigen Verbindun- 
gen aus dem an diamantartigen Verbindungen 
reichen Raffinat umfaBt. 

10. Verfahren nach einem der Anspruche 1 bis 3, wobei 
der Schritt zur Gewinnung der diamantartigen Ver- 
bindungen aus dem mit diamantartigen Verbindun- 
gen angereicherten Losungsmittelstrom das Leiten 
des mit diamantartigen Verbindungen angereicher- 
ten Losungsmittelstroms zwischen zwei im wesent- 
lichen 0,01 inch (0,0254 cm) vonemander getrenn- 
ten Oberflachen bei einer Temperatur oberhalb des 
Schmelzpunkts der diamantartigen Verbindung mit 
dem genngsten Schmelzpunkt im mit diamantarti- 
gen Verbindungen angereicherten Losungsmittel- 
strom bis im wesentlichen 500°F (260°C) und bei 
einem Temperaturunterschied zwischen den Ober- 
flachen von im wesentlichen mindestens 10°F 
(5.6°C) wahrend eines ausreichenden Zeitraums 
umfaBt, wodurch ein erster mit diamantartigen Ver- 
bindungen angereicherter Strom und ein zweiter 
Strom gewonnen werden, der mit diamantartigen 
Verbindungen abgereichert ist 

11. Verfahren zum Extrahieren diamantartiger Verbin- 
dungen aus einem Gasstrom, welches die Schrttte 
umfaBt: 

(a) Bereitstellen eines Gasstroms. der eine fur 
die Ruckgewinnung geeignete Konzentration 
an diamantartigen Verbindungen enthalt; 

(b) Unterziehen des Gasstroms einem Trenn- 
verfahren, wodurch zumindest ein Teil der dia- 
mantartigen Verbindungen aus dem Gasstrom 
abgetrennt wird; 
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wobet das Trennverfahren die Schntte umfaGt: 

(i) Kontakt des diamantartige Verbindungen 
enthaltenden Gasstroms tn einer Sorptionszo- 
ne ausreichend lange mit Kieselgel. damit das s 
Kieselgel zummdest einen Teil der diamantar- 
tigen Verbindungen aus dem Kohlenwasser- 
stoftgas sorbiert; und 

(j) Regeneneren des Kieseigels durch Kontakt 
des Kieseigels mit einem Regenenerungsfluid, JO 
in dem die diamantartigen Verbindungen zu- 
mindest teilweise losltch sind wodurch die dia- 
mantartigen Verbindungen aus dem Kiesetge! 
desorbiert werden 

15 

12. Veriahren nach Anspruch 11, wobei der Gasstrom 
em Erdgasstrom ist 

13. Verfahren nach Anspruch 11 oder 12, wobei nach 
dem Schritt (j) folgender Schritt vorgenommen wird: ?o 
Gewinnen der diamantartigen Verbindungen von 
zummdest einem Teil des Regenenerungsfluids 
durch Kontakt des Regenerierungsfluids mit einem 
porosen Feststoff mit Porenoffnungen, die ausrei- 
chend groB, damil die diamantartigen Verbindun- 25 
gen emdrtngen konnen, und ausreichend klein sind, 
damit mindestens etwa 50% der auBeren Atome 

der diamantartigen Verbindungen gleichzeitig die 
Innenwande der Poren des Feststoffs beruhren 
konnen, bei Bedingungen, die die Adsorption der 30 
diamantartigen Verbindungen durch den Feststoff 
einleiten; und anschlieBende Desorption des Ab- 
sorbats, das diamantartige Verbindungen umfaftt, 
aus dem porosen Feststoff 

35 

14. Verfahren nach Anspruch 11 oder 12, wobei nach 
dem Schrrtt (j) folgender Schritt vorgenommen wird: 

Trennen des Regenerierungsfluids in einen 
Regenerierungsgasstrom und einen Regene- *o 
rierungsflussigkeitsstrom; und 
Konzentrieren der diamantartigen Verbindun- 
gen im Regenenerungsflussigkeitsstrom durch 
ein Verfahren, das das Extrahieren des Rege- 
nerierungsflussigkeitsstroms mit einem fur Aro- *5 
maten selektiven Losungsmittel, wodurch zu- 
mindest ein an diamantartigen Verbindungen 
reiches Raffmat und ein aromatenreicher Ex- 
trakt erzeugt werden, und das Gewinnen der 
diamantartigen Verbindungen aus dem an dia- so 
mantartigen Verbindungen reichen Raffmat 
umfafM 

15. Verfahren nach Anspruch 11 oder 12, wobei nach 
dem Schritt (j) folgender Schritt vorgenommen wird; ss 
Gewinnen der diamantartigen Verbindungen aus 
dem mit diamantartigen Verbindungen angerei- 
cherten Losungsmittelstrom durch Leiten des mit 



diamantartigen Verbindungen angereicherten Lo- 
sungsmittelstroms zwischen zwei bis zu 0.01 inch 
(0,0254 cm) voneinander getrennten Oberflachen 
bei einer Temperatur oberhalb des Schmelzpunkts 
der diamantartigen Verbindung mit dem genngsten 
Schmelzpunkt im mit diamantartigen Verbindungen 
angereicherten Losungsmittelsstrom bis im we- 
sentlichen 500°F (260°C) und bei einem Tempera- 
turunterschied zwischen den Oberflachen von im 
wesentlichen mindestens 1 0°F (5,6°C) wahrend ei- 
nes ausreichenden Zeitraums, damit ein erster mit 
diamantartigen Verbindungen angereicherter 
Strom und ein zweiter Strom gewonnen werden, der 
mit diamantartigen Verbindungen abgereichert ist. 

16. Verfahren nach Anspruch 4, 5, 6. 9 : 11 : 12, 13, 14 
Oder 15, wobei der Schritt des Kontaktes mit Kie- 
selgel (g) oder (i) bei Temperatur- und Druckbedm- 
gungen vorgenommen wird, damit die wesentliche 
Entstehung fester diamantamger Ablagerungen in 
der Sorptionszone vermieden wird. 

17. Verfahren zum Extrahieren diamantartiger Verbin- 
dungen aus einem Fluid, welches die Schntte urn- 
fa I3t: 

(a) Bereitstellen ernes Fluids, das eine fur die 
Ruckgewinnung geeignete Konzentration an 
diamantartigen Verbindungen enthalt; 

(b) Unterziehen des Fluids einem Trennverfah- 
ren, wodurch zumindest ein Teil der diamantar- 
tigen Verbindungen vom Fluid abgetrennt wird, 

wobei das Trennverfahren die Schritte umfaBt: 

Kontakt des Fluids mit einem porosen Feststoff 
mit Porenoffnungen, die ausreichend gro3, da- 
mit die diamantartigen Verbindungen emdrtn- 
gen konnen, und ausreichend klein sind, damit 
mindestens etwa 50% der auBeren Atome der 
diamantartigen Verbindungen gleichzeitig die 
Innenwande der Poren des Feststoffs beruhren 
konnen, wodurch die diamantartigen Verbin- 
dungen vom Feststoff absorbiert werden; und 
anschlieBendes Desorbieren des Absorbats, 
das die diamantartigen Verbindungen umfaftt, 
aus dem festen Absorptionsmittel, 
wobei die Absorption bei im wesentlichen 50 
bis 400°F (10 bis 204°C) erfolgt und/oder die 
Absorption bei einem Druck vorgenommen 
wird, so dal3 das Fluid eine Flussigkeit ist, 
und wobei: 

(i) der porbse Feststoff em Zeolithfeststoff ist, 
der Poren mit im wesentlichen 24 bis 26 Ato- 
men aufweist. die mindestens ein Porensystem 
defmieren: und/oder 

(ii) der porbse Feststoff em Zeolithfeststoff ist, 
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der zumindest Siltcium. Aluminium. Bor. Phos- 
phor Gallium oder Eisen enthalt. und/oder 
(in) der porose Feststoft em Zeoltthfeststoff mil 
emer Topologie ist. die zumindest emer der To- 
pologien von Faujasit. Mazzit Offretit, Morde- 
nit, Gmelmit, Linde L. ZSM-12, ALPO-5, MAP- 
SO-46 ; Co APO-50. VPI-5. Zeolith Beta ZSM- 
4 oder MCM-9 entspricht. und/oder 
(iv) der porose Feststoft Kanalstrukturen mit 
Mindestradien von im wesentlichen 3 bis 4 
Angstrom enthalt. 

18. Veriahren nach Anspruch 17, wobei das Absorpti- 
onsverfahren bei im wesentlichen 70 bis 200°F (21 
bis 93°C) erfolgt. 

19. Veriahren nach Anspruch 17 oder 18, das das Ab- 
trennen des porosen, Absorbat enthaltenden Fest- 
stoffs. der diamantartige Verbindungen umfaftt, 
vom Fluid umfaBt. und der abgetrennte porose 
Feststoft anschlieBend vorzugsweise: 

(i) ausreichend iange und bei einer ausreichen- 
den Temperatur erwarmt wird. damit die dia- 
mantartigen Verbindungen desorbiert werden; 
(it) mit Dampf gestrippt wird, damit die diamant- 
artigen Verbindungen gewonnen werden; oder 
(iii) mit einem Losungsmittel gewaschen wird, 
damit die diamantartigen Verbindungen aus 
der porosen Flussigkeit ausgewaschen wer- 
den, und die diamantartigen Verbindungen 
dann vom Losungsmittel abgetrennt werden. 

20. Veriahren nach Anspruch 19, wobei das Losungs- 
mittel mindestens ems aus der Gruppe von Propan, 
Butanen, Pentanen, Hexanen, Cyclohexan. Methyl- 
cyclopentan, Benzol, Toluol, Xylol, Methanol, Etha- 
nol, Porpanolen, Butanolen, Aceton, Methylethyl- 
keton, Dimethylether, Diethylether, Methylethyle- 
ther und Kohlendioxid und Mischungen davon ist. 

21 . Veriahren nach Anspruch 1 7 oder 1 8, wobei zumin- 
dest eine umfangreiche Fraktion der diamantarti- 
gen Verbindungen in einem ersten porosen Fest- 
stoft als unreines Absorbat aus dem Fluid absor- 
biert wird, der die diamantartige Verbindung enthal- 
tende erste porose Feststoft vom Fluid abgetrennt 
wird; das Absorbat desorbiert wird, wodurch ein er- 
stes Desorbat entsteht; die diamantartigen Verbin- 
dungen in einem zweiten porosen Feststoft bei aus- 
reichenden Bedingungen vom ersten Desorbat ab- 
sorbiert werden, wodurch ein Absorbat mit einer 
starkeren Konzentration diamantartiger Verbindun- 
gen erzeugt wird; der die diamantartige Verbindung 
enthaltende zweite porose Feststoft vom ersten 
Desorbat abgetrennt wird, und die diamantartigen 
Verbindungen vom zweiten porosen Feststoft des- 
orbiert werden 



22. Veriahren nach Anspruch 21 wobei der erste und 
der zweite porose Feststoft gleich sind und/oder die 
Absorption in einem Festbett, einem stationaren 
Wirbelbett oder in einem Forderbett erfolgt; und/ 
5 oder mindestens zwei Betten der porosen Feststof- 

te vorliegen. von denen eins nach der Absorptions- 
art und das andere nach der Desorptionsart arbei- 
ten 

to 23. Verfahren zum Extrahieren diamantartiger Verbin- 
dungen aus einem Fluid, welches die Schritte um- 
faGt: 

(a) Bereitstellen eines Fluids, das eine fur die 
is Ruckgewinnung geeignete Konzentration an 

diamantartigen Verbindungen enthalt. 

(b) Unterziehen des Fluids einem Trennverfah- 
ren, wodurch zumindest ein Teil der diamantar- 
tigen Verbindungen vom Fluid abgetrennt wird, 

20 

wobei das Fluid eine wesentliche Kohlenwasser- 
stofflbsung der diamantartigen Verbindungen um- 
tafM. die Losung aromatische Fraktionen enthalt, 
und das Trennvertahren das Konzentneren der dia- 
25 mantartigen Verbindungen in der Losung durch Ex- 

trahieren der Losung mit einem fur Aromaten selek- 
tiven Losungsmittel wodurch zumindest ein an dia- 
mantartigen Verbindungen Raffinat und ein aroma- 
tenreicher Extrakt erzeugt werden, und die Gewin- 
30 nung der diamantartigen Verbindungen aus dem an 

diamantartigen Verbindungen reichen Raffinat um- 
faBt 

24. Veriahren nach Anspruch 23, wobei das fur Aroma- 
35 ten selektive Losungsmittel mindestens ems aus 

der Gruppe von Furfural, Sulfolan, Phenol, Duosol 
und Dimethylformamid ist; und/oder 

die Extraktion bei im wesentlichen 35 bis 200 6 C 
40 (95 bis 392° F) erfolgt und/oder 

die Extraktion bei einem Verhaltnis von Extrak- 
tionsmittel zur wesentlichen Kohlenwasser- 
stofflosung von im wesentlichen 2:1 bis 5:1 er- 
folgt 

45 

25. Verfahren nach Anspruch 23 oder 24, wobei die we- 
sentliche Kohlenwasserstofflosung auBerdem min- 
destens einen Korrosionsinhibitor enthalt. 

50 26. Verfahren nach Anspruch 25, wobei die Extraktion 
den Korrosionsinhibitor mrt den Aromaten und von 
den diamantartigen Verbindungen abtrennt. 

27. Verfahren nach etnem der Anspruche 23 bis 26, wo- 
55 bei die Kohlenwasserstofflosung durch Kontakt ei- 

nes im wesentlichen kohlenwasserstoffhaltigen Mi- 
nerals, das diamantartige Verbindungen enthalt. 
mit einem aromatenreichen Destillatheizol entsteht, 
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wodurch die diamantartigen Verbindungen aus dem 
Mineral auf das Ol ubertragen werden 

28. Verfahren zum Extrahieren diamantartiger Verbm- 
dungen aus emem Fluid welches die Schritle um- 
faBt. 

(a) Bereitstellen eines Fluids, das eine fur die 
Ruckgewmnung geeignele Konzentration an 
diamantartigen Verbindungen enthalt; 

(b) Unterziehen des Fluids emem Trennverfah- 
ren, wodurch zumindest em Teil der diamantar- 
tigen Verbindungen aus dem Fluid abgetrennt 
wird 

wobei das Trennverfahren die Schritte umfaBt: 
Leiten des Fluids zwischen zwei im wesentlichen 
0.01 inch (0 : 0254 cm) voneinander getrennten 
Oberflachen bei einer Temperatur oberhalb des 
Schmelzpunkts der diamantartigen Verbindung im 
Fluid mit dem geringsten Schmelzpunkt bis im we- 
sentlichen 500°F (260°C) und bei einem Tempera- 
turunterschted zwischen den Oberflachen von im 
wesentlichen mindestens 10°F (5,6°C) wahrend ei- 
nes ausreichenden Zeitraums, damit em erster mit 
diamantartigen Verbindungen angereicherter 
Strom und em zweiter Strom gewonnen werden, der 
mit diamantartigen Verbindungen abgereichert ist 

29. Verfahren nach Anspruch 26, wobei die Oberfla- 
chen bei einer Temperatur von im wesentlichen 
50°F (1 0°C) bis im wesentlichen 500 6 F (260°C) ge- 
halten werden; und/oder 

die Oberflachen bei einem Temperaturunterschied 
von im wesentlichen 100°F (3B a C) bis im wesentli- 
chen 3O0°F (149°C) gehalten werden. 

30. Verfahren nach Anspruch 28 Oder 29 ; wobei das 
Erdgas, das eine wesentliche Konzentration dia- 
mantartiger Verbindungen enthalt. ausreichend 
lange mit einem aromatischen Destillatheizol in 
Kontakt gebracht wird : damit die diamantartigen 
Verbindungen aus dem Erdgas extrahiert werden 
und das Fluid erzeugt wird, wobei das Fluid eine 
Losung der diamantartigen Verbindungen umfaBt. 
und diese Losung anschlieBend zwischen die Ober- 
flachen geleitet wird 

31 . Verfahren nach einem der Anspruche 28 bis 30, wo- 
bei das Fluid in stromweiser Reihe nacheinander 
zwischen einer Anzahl dieser Oberflachenpaare 
geleitet und von jedem Oberfiachenpaar ein mit dia- 
mantartigen Verbindungen angereichertes Produkt 
gewonnen wird : oder 

das Fluid im wesentlichen gleichzeitig zwischen ei- 
ner Anzahl dieser Oberflachenpaare geleitet und 
von jedem Oberfiachenpaar em mit diamantartigen 
Verbindungen angereichertes Produkt gewonnen 



wird. 

32. Verfahren nach einem der Anspruche 1 bis 10, 17 
bis 22 oder 28 bis 31 . wobei das Fluid em Gasstrorrv 

5 vorzugsweise em Erdgasstrom ist 

33. Verfahren nach einem der Anspruche 1 bis 22 oder 
28 bis 31 . wobei der Gasstrom von einem Erdgas- 
bohrloch erhalten wird und der Gasstrom durch Ab- 

to Ziehen von Erdgas, das diamantartige Verbindun- 

gen enthalt, aus dem Erdgasbohrloch bereitgestellt 
wird. 

34. Verfahren nach einem der Anspruche 1 7 bis 22 oder 
15 28 bis 31, wobei das Fluid Flussigerdgas umfaBt 

oder das Fluid eine Losung der diamantartigen Ver- 
bindungen in Destillatheizol umfaBt. 

20 Revendications 

1 . Un procede pour extraire des composes diamantoi- 
des, a partir d'un courant gazeux comprenant les 
etapes consistant a. 

25 

(a) amener un courant gazeux contenant une 
concentration recuperable de composes dia- 
mantoides; 

(b) soumettre le meiange gazeux a un procede 
30 de separation de facon a separer au moins une 

partie desdits composes diamantoides conte- 
nus dans le courant gazeux, ledit procede de 
separation etant caracterise en ce qu'il com- 
prend les etapes de: 
35 (c) melange dudit courant gazeux contenant les 

composes diamantoides avec un solvant dans 
lequel les composes diamantoides sont au 
moins partiellement solubles; 

(d) controle des conditions, y compris la tem- 
40 perature et la pression dudit melange de I'etape 

(c) , afin de maintenir au moms une partie dudit 
melange en phase liquide, 

(e) separation dudit melange dans les condi- 
tions controlees de I'etape (d) en un courant va- 

45 peur et en un courant de solvant enrichi en 

composes diamantoides, et 

(f) recuperation des composes diamantoides 
contenus dans ledit courant de solvant enrichi 
en composes diamantoides 

50 

2. Un procede selon la revendication 1 , dans lequel le 
dissolvant est un hydrocarbure de petrole, de pre- 
ference un carburant diesel 

55 3. Un procede selon la revendication 1 ou 2 dans le- 
quel I'etape (e) comprend en outre le refroidisse- 
ment dudit melange de I'etape (d). de preference 
en redutsant la temperature dudit melange de I'eta- 
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pe (d) a une temperature comprise entre 24°C et 
60°C (75 et 140°F). 

4. Un procede seion I'une queiconque des revendica- 
tions precedentes dans lequel ledit procede de se- s 
paration inclut en outre les etapes de 

(g) contact dudtt courant gazeux contenant les- 
dits composes diamantoides avec un gel de si- 

hce (silica gel) dans une premiere zone de sorp- 10 
tion pendant une penode de temps suttisante 
pour que ledit gel de sihce sorbe au moins une 
partie desdits composes diamantoides conte- 
nus dans ledit courant gazeux hydrocarbone: 

(h) recuperation des composes diamantoides is 
dudit gel de silice dans une deuxieme zone de 
sorption par contact dudrt gel de silice avec un 
fiuide de regeneration dans lequel les compo- 
ses diamantoides sont au moins partiellement 
solubles pour desorber les composes diaman- 20 
toides dudit gel de silice 

5. Un procede selon I'une queiconque des revendtca- 
tions 1 . 2, 3 ou 4. dans lequel lesdits composes dia- 
mantoides incluent I'adamantane et le diamantane; 25 
dans lequel le solvant est choisi pour transformer 

par solvatation le diamantane de preference en 
adamantane; dans lequel. dans I'etape (e), iedit me- 
lange est separe en un courant d'un gaz enrichi en 
adamantane et un courant de solvant enrichi en dia- 30 
mantane; dans lequel, dans I'etape (f), le diaman- 
tane est recupere dudit courant enrichi en diaman- 
tane, ledit procede comprenant en outre les etapes: 

(g) de contact dudit courant gazeux enrichi en 35 
adamantane avec du ge! de silice dans une pre- 
miere zone de sorption pendant une penode de 
temps suffisante pour que ledit gel de silice 
puisse sorber au moins une partie de I'adaman- 
tane contenu dans ledit courant gazeux enrichi *o 
en adamantane; et 

(h) de recuperation de I'adamantane contenu 
dans le gel de silice dans une deuxieme zone 
de sorption par contact dudit gel de silice avec 

un fiuide de regeneration, dans lequel I'ada- 4 $ 
mantane est au moins partiellement soluble 
pour desorber I'adamantane dudit gel de silice. 

6. Un procede selon la revendication 4, dans lequel, 
apres I'etape (h), est mise en oeuvre I'etape suivan- so 
te 

recuperation des composes diamantoides 
d'au moms une portion dudit fiuide de regeneration 
par contact du fiuide de regeneration avec un solide 
poreux presentant des ouvertures de pores suffi- ss 
samment larges pour y admettre lesdits composes 
diamantoides et suffisamment petites pour qu'au 
moms environ 50% des atomes exteneurs desdits 



composes diamantoides soient susceptible d'entrer 
simultanement en contact avec les parots internes 
des pores dudit solide dans des conditions condui- 
sant a ('absorption desdits composes diamantoides 
par ledit solide. puis ensuite a desorber I'adsorbant 
comprenant les composes diamantoides dudit ab- 
sorbant solide 

7. Un procede selon I'une queiconque des revendica- 
tions 1 a 3, dans lequel apres I'etape (f) est mis en 
oeuvre I'etape suivante: 

recuperation des composes diamantoides 
dudit courant de solvant enrichi en composes dia- 
mantoides pour produire un courant de solvant pu- 
rifie par contact dudit courant de solvant enrichi en 
composes diamantoides avec un solide poreux pre- 
sentant des ouvertures de pores suffisamment lar- 
ges pour y admettre des composes diamantoides 
et suffisamment petites pour qu'au moins environ 
50% des atomes exteneurs desdits composes dia- 
mantoides soient susceptibies d'entrer simultane- 
ment en contact avec les parois internes des pores 
dudit solide dans des conditions conduisant a I'ab- 
sorption des composes diamantoides par ledit so- 
lide, puis a desorber I'adsorbant comprenant les 
composes diamantoides dudit solide poreux. 

8. Un procede selon I'une queiconque des revendica- 
tions 1 a 3, dans lequel I'etape de recuperation des 
composes diamantoides contenus dans ledit cou- 
rant de solvant enrichi en composes diamantoides 
comprend I'extraction dudit courant de solvant en- 
richi en composes diamantoides avec un solvant 
selectif vis-a-vis des composes aromatiques pour 
produire au moins un raffinat enrichi en composes 
diamantoides et un extrait enrich i en composes aro- 
matiques et recup6rer les composes diamantoides 
dudit raffinat enrichi en composes diamantoides. 

9. Un procede selon la revendication 6, dans lequel le 
courant de gaz partiellement purifie est mis en con- 
tact avec du gel de silice dans une premiere zone 
de sorption pendant une penode de temps suffisan- 
te pour que le gel de silice absorbe au moins une 
partie desdits composes diamantoides contenus 
dans ledit courant de gaz hydrocarbone, 

lesdits composes diamantoides sont recuperes 
du gel de silice dans une deuxieme zone de 
sorption par contact dudit gel de silice avec un 
fiuide de regeneration, dans lequel les compo- 
ses diamantoides sont au moins partiellement 
solubles pour desorber les composes diaman- 
toides dudit gel de silice: 

ledit fiuide de regeneration est separe en un 
courant de gaz de regeneration et un courant 
de liquide de regeneration et 
lesdits composes diamantoides sont concen- 
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ires dans le courant au iiquide de regeneration 
par une methode qui consiste a extraire te cou- 
rant iiquide de regeneration par un solvant se- 
lects vis-a-vis des composes aromatiques pour 
produire au moins un raffinat enrichi en compo- s 
ses diamantoides et un extrait enrichi en com- 
poses aromatiques et a recuperer lesdits com- 
poses diamantoides dudit raffinat enrichi en 
composes diamantoides. 

w 

10. Un procede selon Tune quelconque des revendica- 
tions 1 a 3. dans leque! I'etape de recuperation des 
composes diamantoides contenus dans ledit cou- 
rant de solvant enrichi en composes diamantoides 
comprend le passage dudit courant enrichi en com- is 
poses diamantoides entre deux surfaces espacees 
d'environ 0.0254 cm (0,01 inch) a une temperature 
supeneure a a celle du compose diamantoide a 
point de fusion le plus bas contenu dans ledit cou- 
rant de solvant enrichi en composes diamantoides 20 
jusqu'a pratiquement 260°C (500°F), et a un diffe- 
rential de temperature entre lesdites surfaces d'au 
moms environ 5,6°C (1 0 P F) pendant une duree suf- 
fisante pour en recuperer un premier courant enri- 
chi en composes diamantoides et un deuxieme 25 
courant appauvri en composes diamantoides. 

11. Un procede d'extraction de composes diamantoi- 
des d'un courant gazeux comprenant les etapes 
consistant a: 30 

(a) amener un courant gazeux contenant une 
concentration recuperable en composes dia- 
mantoides; 

(b) soumettre le courant gazeux a un procede .35 
de separation dans lequel on separe au moins 
une partie desdits composes diamantoides 
contenus dans ledit courant gazeux, 

ledit procede de separation etant caracterise 40 
en ce qu'il comprend les etapes de: 

(i) contact dudit courant gazeux contenant les- 
dits composes diamantoides avec un gel de si- 
lice (silica gel) dans une premiere zone de sorp- 
tion pendant une periode de temps suffisante 
pour que ledit gel de sihce sorbe au moms une 
partie desdits composes diamantoides conte- 
nus dans iedit courant gazeux hydrocarbone; 
(j) regeneration dudit gel de siiice par contact so 
de ce gel de siiice avec un fluide de regenera- 
tion dans lequel les composes diamantoides 
sont au moms paHiellement solubles pour de- 
sorber les composes diamantoides dudit gel de 
siiice 55 

2. Un procede selon la revendication 11. dans lequel 
le courant gazeux est un courant de gaz naturel. 



13. Un procede seion ia revendication 11 ou 12. dans 
lequel, apres I'etape (j) est mise en oeuvre I'etape 
suivante 

recuperation des composes diamantoides 
d'au moms une partie du fluide de regeneration par 
contact dudit fluide de regeneration avec un solide 
poreux presentant des ouvertures de pores suffi- 
samment targes pour y admettre des composes dia- 
mantoides et suffisamment petites pour qu'au 
moins environ 50% des atomes exteneurs desdits 
composes diamantoides soient susceptibles d'en- 
trer simultanement en contact avec les parois inter- 
nes des pores dudit solide dans des conditions con- 
duisant a ('absorption des composes diamantoides 
par ledit solide. puis a desorber I'adsorbant compre- 
nant les composes diamantoides dudit solide po- 
reux. 

14. Un procede selon la revendication 11 ou 12 dans 
lequel, apres I'etape (j) sont mises en oeuvre les 
etapes suivantes 

separation dudit flutde de regeneration en un 
courant de gaz de regeneration et un courant 
de Iiquide de regeneration, 
concentration desdits composes diamantoides 
dans le courant du Iiquide de regeneration par 
une methode qui consiste a extraire ie courant 
Iiquide de regeneration par un solvant selectif 
vis-a-vis des composes aromatiques pour pro- 
duire au moins un raffinat enrichi en composes 
diamantoides et un extrait enrichi en composes 
aromatiques, et a recuperer lesdits composes 
diamantoides dudit raffinat enrichi en compo- 
ses diamantoides. 

15. Un procede selon I'une des revendications 11 ou 
12, dans lequel, apres I'etape (j), est mise en oeuvre 
I'etape suivante: 

recuperation des composes diamantoides 
contenus dans ledit courant de solvant enrichi en 
composes diamantoides comprend le passage du- 
dit courant enrichi en composes diamantoides en- 
tre deux surfaces espacees d'environ 0 : 0254 cm 
(0,01 inch) a une temperature superieure a a celle 
du compose diamantoide a point de fusion le plus 
bas contenu dans ledit courant de solvant enrichi 
en composes diamantoides jusqu'a pratiquement 
260°C (500°F), et a un difference! de temperature 
entre lesdites surfaces d'au moms environ 5,6°C 
(10°F) pendant une duree suffisante pour en recu- 
perer un premier courant enrichi en composes dia- 
mantoides et un deuxieme courant appauvri en 
composes diamantoides 

1 6. Un procede selon Tune quelconque des revendica- 
tions 4, 5. 6, 9, 11. 12. 13. 14 ou 15 dans lequel 
ladite etape de contact du gel de siiice (g) ou (i) est 
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mise en oeuvre aans des conditions de temperature 
et de pression permettant d'empecher une forma- 
tion substantielle de depots diamantoides sohdes 
dans ladite zone de sorption 

5 

17. Un precede d'extraction de composes diamantoi- 
des d'un fluide comprenant les etapes consistant a 

(a) amener-un fluide contenant une concentra- 
tion recuperabie de composes diamantoides; to 

(b) a soumettre le melange gazeux a un proce- 
de de separation de facon a separer au moins 
une partie desdits composes diamantoides du 
courant gazeux, 

75 

dans lequel iedit precede de separation com- 
prend les etapes de 

contact dudit fluide avec un solide poreux pre- 
sentant 1 des ouvertures de pores suffisam- 20 
ment larges pour y admettre lesdits composes 
diamantoides et suffisamment petites pour 
qu'au moms environ 50% des atomes exte- 
rieurs desdits composes diamantoides soient 
susceptibles d'entrer simultanement en contact 25 
avec les parois internes des pores dudit solide 
pour realiser I'absorption desdits composes 
diamantoides par Iedit solide, puis ensuite a de- 
sorber I'adsorbant comprenant les composes 
diamantoides dudit absorbant solide, 30 
dans laquelle ladite absorption est mise en 
oeuvre a une temperature comprise essentiel- 
lement entre 10 et 204°C (50 a 400°F) et/ou 
ladite absorption est mise en oeuvre a une 
pression telle que le fluide sort a I'etat liquide, 35 
et dans laquelle. 

(i) iedit solide poreux est une zeolite solide 
comprenant des pores formes d'environ 24 

a 26 atomes definissant au moms un sys- *o 
teme forme de pores; et/ou 

(ii) Iedit solide poreux est une zeolite solide 
comprenant au moins un atome de sili- 
cium. d'aluminium, de bore, de phosphore, 

de gallium ou de fer; et/ou 45 

(iii) Iedit solide poreux est une zeolite solide 
qui pr6sente une topologie correspondant 
a celle d'au moms une produits du groupe 
comprenant faujasite, mazzite, offretite, 
mordenite, gmelinite, Linde L, ZSM-1 2, AL- so 
PO-5, MAPSO-46, Co APO-50, VPI-5. 
zeolite beta, ZSM-4 ou MCM-9. et/ou 

(iv) Iedit solide poreux contient des struc- 
ture en forme de canaux pr§sentant des 
rayons faibles d'environ 3 a 4 Angstroems. 55 

18. Procede selon la revendication 17, dans laquelle Ie- 
dit procede d'absorption est effectue a une tempe- 



rature de I'ordre de 21 a 93°C (70 a 200°F) 

19. Procede selon la revendication 17 ou 16. compre- 
nant la separation de I'adsorbant contenant le soli- 
de poreux comprenant des composes diamantoi- 
des du fluide, puis ensuite a soumettre Iedit soiide 
poreux ainsi separe de preference 

(i) a un chauffage pendant une duree et a une 
temperature suffisantes pour desorber les 
composes diamantoides qu'il contient; 

(ii) a un entralnement a fa vapeur pour recupe- 
rer les composes diamantoides qu'il contient, 
ou 

(iii) a n lavage avec un solvant. pour entrainer 
par lavage lesdits composes diamantoides du- 
dit liquide poreux. puis a separer les composes 
diamantoides separes dudit solvant. 

20. Un procede selon la revendication 19, dans lequel 
Iedit solvant est au moins un des composes choisis 
dans le groupe comprenant propane, butanes, pen- 
tanes, hexanes, cyclohexane ; methyl cyclopenta- 
ne, benzene, toluene, xylene, methanol, ethanol, 
propanols, butanols, acetone, methyl ethyl cetone, 
dimethyl ether, diethyl ether, methyl ethyl ether et 
dioxyde de carbone ainsi que leurs melanges. 

21. Procede selon la revendication 17 ou 18, dans le- 
quel au moms une large fraction des composes dia- 
mantoides sont absorbes dudit fluide sous forme 
d'un adsorbant impur sur un premier solide poreux; 
Iedit compose diamantoide contenant le premier 
solide poreux est separe dudit fluide; Iedit adsor- 
bant est desorbe pour former un premier desorbat; 
les composes diamantoides sont absorbes dudit 
premier desorbat sur un second solide poreux dans 
des conditions suffisantes pour produire un adsor- 
bant presentant une concentration superieure en 
composes diamantoides; le compose diamantoide 
contenant le second solide poreux est separe dudit 
premier desorbat et les composes diamantoides 
sont desorbes dudit second solide poreux 

22. Un procede selon la revendication 21, dans lequel 
lesdits premier et second solides poreux sont iden- 
tiques, et/ou ladite absorption est effectu6e sur lit 
fixe, un lit fluidise fixe ou un lit en voie de deface- 
ment, et/ou sont au moins presents deux lits de so- 
ndes poreux, I'un fonctionnant en mode absorption 
et I'autre fonctionnant en mode desorption 

23. Un procede d'extraction de composes diamantoi- 
des d'un fluide, comprenant les etapes 

(a) amener un fluide contenant une concentra- 
tion recuperabie de composes diamantoides; 

(b) a soumettre le melange gazeux a un proce- 
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de de separation de facon a separer au moms 
une pariie desdits composes diamantoides du- 
dit fluide 

dans lequel ledit fluide comprend une solution 
d'hydrocarbures substantielle desdits composes 
diamantoides. ladite solution contenant des frac- 
tions composes aromatiques. et dans lequel ledit 
procede de separation comprend la concentration 
des composes diamantoides dans lesdites solu- 
tions par extraction de la solution a I'aide de sol- 
vants selectifs des composes aromatiques pour 
produire au moms un raffinat enrichi en diamantoi- 
des et un extrait ennchi en composes aromatiques, 
et a recuperer lesdits composes diamantoides dudit 
raffinat enrichi en composes diamantoides. 

24. Un procede selon la revendication 23, dans lequel 
le solvant selectif a regard des derives composes 
aromatiques est au moins I'un de ceux choisis dans 
ie groupe comprenant furfural, sulfolane. phenol, 
duosol et dimethyl formamide; et/ou 

ladite extraction est effectuee a une tempera- 
ture de I'ordre de 35 0 200°C (95 a 392°); et/ou 
ladite extraction est effectuee a un taux d'ex- 
traction correspondant a un rapport de solution 
hydrocarbonee substantielle d'environ 2 sur 1 
a 5 sur 1 . 

25. Un procede selon la revendication 23 ou 24 ; dans 
lequel ladite solution formee substantiellement 
d'hydrocarbure contient en outre au moms un inhi- 
biteur de corrosion. 

26. Un procede selon la revendication 25, dans lequel, 
dans lesdites partitions d'extraction se produit une 
separation entre I'mhibiteur de corrosion avec les- 
dits composes aromatiques et les composes dia- 
mantoides s'en separant 

27. Un procede selon Tune quelconque des revendica- 
tions 23 a 26. dans lequel ladite solution hydrocar- 
bonee est formee par contact d'un derive mineral 
essentiellement hydrocarbone contenant des com- 
poses diamantoides avec un fioul de distillat riche 
en composes aromatiques de facon a faire passer 
les composes diamantoides du derive mineral dans 
ledit fioul. 

28. Un procede d'extraction d'un procede diamantoide 
d'un fluide comprenant les etapes consistant a 

(a) amener un fluide contenant une concentra- 
tion recuperable de composes diamantoides; 

(b) soumettre le fluide a un procede de sepa- 
ration de facon a separer au moms une partie 
desdits composes diamantoides du courant 



gazeux 

dans lequel ledit procede de separation com- 
prend les etapes de 

5 passage dudit courant enrichi en composes 

diamantoides entre deux surfaces espacees d'en- 
viron 0 0254 cm (0 01 inch} a une temperature su- 
perieure a a celle du compose diamantoide a point 
de fusion le plus bas contenu dans ledit courant de 

to solvant enrichi en composes diamantoides jusqu'a 

pratiquement 260°C (500°F). et a un differentiel de 
temperature entre lesdites surfaces d'au moms en- 
viron 5,6°C (10°F) pendant une duree suffisante 
pour en recuperer un premier courant enrichi en 

is composes diamantoides et un deuxieme courant 

appauvn en composes diamantoides. 

29. Un procede selon la revendication 28, dans lequel 
lesdites surfaces sont maintenues a la temperature 

20 de I'ordre d'environ 10°C (50°F) a un ordre d'envi- 

ron 260°C (500° F); et/ou 

lesdites surfaces sont maintenues a un diffe- 
rentiel de temperature de I'ordre de 38°C (100°F) a 
environ 149°C (300°F) 

25 

30. Un procede selon la revendication 25 ou 29, dans 
lequel le gaz naturel contenant une concentration 
substantielle de composes diamantoides est mise 
au contact d'un distillat aromatique pendant un 

30 temps suffisant pour extraire les composes diaman- 

toides contenus dans ledit gaz naturel et pour for- 
mer ledit fluide, lequel fluide comprend une solution 
de composes diamantoides, puis a faire passer la- 
dite solution entre lesdites surfaces. 

35 

31. Un procede selon Tune quelconque des revendica- 
tions 28 a 30, dans lequel ledit fluide est pass6 de 
facon sequentielle entre une multiplicity des dites 
paires de surface en series dans le sens du courant, 

^o et en ce qu'un produit enrichi en composes diaman- 

toides est recupere sur chaque paire de surface, ou 
en ce que ledit fluide est passe substantiellement 
simultan^ment entre une muttipiicite desdites pai- 
res de surface, et en ce qu'on recupere un produit 

45 enrichi en composes diamantoides de chaque paire 

de surface. 

32. Un procede selon Tune quelconque des revendica- 
tions 1 a 10, 17 a 22, ou 26 a 31 , dans lequel le 

50 flutde est un courant gazeux, de preference un cou- 
rant de gaz naturel. 

33. Un procede selon Tune quelconque des revendica- 
tions 1 a 22. ou 28 a 31 dans lequel le courant ga- 

55 zeux est obtenu a partir d'une source de gaz natu- 

re! et en ce que le courant gazeux est fourni par 
retrail du gaz naturel contenant les composes dia- 
mantoides contenus dans ledit courant de gaz na- 



22 



43 



EP 0 399 851 B1 



turel produit 

Un procede selon I'une queiconque des revendica- 
tions 17 a 22 ou 2S a 31 dans lequel ledit fluide 
comprend du gaz nature! hqiude ou bien comprend 
une solution desdits composes diamantoides dans 
le fioul de distillat 
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FIG. 10 
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FIG. II 
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